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“owns his own compu 


Rather revolutionary, the whole idea of owning your 
own computer? Not if you’re a diplomat, printer, scientist, 
inventor... or a kite designer, too. Today there’s Apple 
Computer. It’s designed to be a personal computer. To 
uncomplicate your life. And make you more effective. 


It’s awise man who owns an Apple. 

If your time means money, Apple can help you 
make more of it. In an age of specialists, the most 
successful specialists stay away from uncreative 
drudgery. That’s where Apple comes in. 

Apple is a real computer, right to the core. So just like 
big computers, it manages data, crunches numbers, keeps 
records, processes your information and prints reports. You 
concentrate on what you do best. And let Apple do the rest. 
Apple makes that easy with three programming languages — 
including Pascal—that let you be your own software expert. 


Apple, the computer worth not waiting for. 
Time waiting for access to your company’s big main- 
frame is time wasted. What you need in your department — 
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on your desk —is a computer that answers only to you. . 
Apple Computer. It’s less expensive than timesharing. 
More dependable than distributed processing. 
Far more flexible than centralized EDP. And, 
at less than $2500 (as shown), downright 
affordable. 


Visit your local computer store. 
You can join the personal computer 
revolution by visiting the Apple dealer in 
your neighborhood. We’ll give you his name 
when you call our toll free number 
(800) 538-9696. In California, 
(800) 662-9238. 2 
Apple Computer, 10260 ¢ 
Bandley Drive, 
Cupertino, 
CA 95014. 











at its finest. 


We've seen them all. Every telephone 
answering unit has its advantages and dis- 
advantages. 

So when JS&A selected our first telephone 
answering unit three years ago and called it 
the best remote system available, it soon 
became one of the most popular units on the 
market. Since 1976, JS&A has sold thousands 
of them. 


SERIOUS COMPETITION 

But that was three years ago. It finally took 
an enterprising company called Olympia to 
develop and introduce what we would call the 
first serious competition to our first telephone 
answerer. 

So JS&A had a dilemma. Here we were, with 
an excellent relationship with a major supplier, 
and yet our reputation demands that we offer 
our customers only the most advanced prod- 
ucts. Do we continue to carry both units, or do 
we break off relations completely and intro- 
duce a competitive model? To make the deci- 
sion more difficult, you first have to understand 
the new technology in the Olympia unit. 


A FAIR COMPARISON 

The Olympia Master Telephone Recorder is 
a microprocessor-based system with a few 
features that make it a more advanced unit 
than the industry leader. 

But to provide a fair comparison, there area 
few disadvantages with the Olympia. The 
Olympia does not have a call counter that tells 
you at a glance how many calls you've re- 
ceived. And its outgoing announcement is not 
recorded as fast as with our first unit. But there 
are sO many other features and advanced 
technology that the Olympia deserves your 
consideration. 


ERASE OR SAVE 

Most remote units and the Olympia have 
remote pagers. When you want to retrieve 
your messages, simply hold the pager up to 
the telephone, press a button, and the tele- 
phone answering unit rewinds to the start of 
your first message and plays them back. 

That’s great. But there was a disadvantage 
to the others. After you listened to your 
messages, you could not rewind. If you 
wanted to rewind to the beginning of the tape, 
you had to call your unit a second time. That’s 
only a slight problem if you're calling locally 
from a phone booth, but very costly when 
you're Calling long distance. And if you don't 
call back right away and rewind, you have 
another problem. Later, you'll have to listen to 
all those messages you previously heard 
because the unit doesn’t know where the old 
_ messages stop and the new ones start. 

The new Olympia Master Recorder has 
solved that problem. You have a choice. You 
can either hang up after you've heard your 
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Friendly . 
Comparison 


Can JS&A offer a better telephone answering 
unit than the first one we introduced? 
Here’s the story of American competition 


messages or you can rewind them to the 
beginning while you're on the phone. 


NO MESSAGE/LAST MESSAGE 

Let’s say you call in and there are no 
messages for you. The Olympia has a special 
beep tone that tells you the moment you call in 
that there is no message. Or let's say there are 
three messages waiting for you. After the three 
messages are played back, another beep tone 
signals you that you've finished your last 
message. There is no provision like this on any 
of the popularly priced units. 


YOUR OWN TAPE 

The Olympia uses one commercially avail- 
able cassette tape that will last a few years 
with normal use. Today’s most popular unit 
uses a built-in tape that will last five years, and 
costs $17 to replace. With the Olympia unit, 
you remove the old cassette and pop in the 
new one which shouldn't cost more than $2. 


TAPE SPEED 

It costs time and money to listen to your old 
messages and to rewind. So the Olympia not 
only improved the concept by giving you a 
choice, they also improved the tape rewind 
speed. Now, when you retrieve your calls, your 
rewind time is faster than many other systems 
and as fast as the system we formerly sold. 

Not only is the Olympia faster, but it 
measures only 2%°x 6’x 10” and weighs only 
36 ounces. You can place your phone on top of 
the unit or next to it without cluttering your 
desk. 

We could probably present reasons why the 
Olympia Master Recorder will pay for itself 
with just the time you save retrieving mes- 
sages-—but there's more. 


SINGLE SYSTEM 


You record your outgoing announcement on 
one track of the cassette tape and you receive 
your incoming messages on the other side. 
This single cassette approach reduced the 
costs of the Olympia below those of the con- 
ventional recorders that required two separate 
record and playback systems. And like other 
units, when you play back your tape, you hear 
only your incoming messages— never the out- 
going announcement. 


To record an outgoing announcement, you 
simply press the record button and talk into a 
microphone supplied with the unit. The unit will 
record a 17 second outgoing announcement 
and a 30 second incoming message. Our pre- 
vious unit records a 20 second outgoing an- 
nouncement and a 30 second incoming 
message. 


AND THEN THERE’S VALUE — 


Our previous unit sold for $269.95. The 
Olympia sells for only $169.95—a $100 sav- 


_ings before you even start to-use the system. 





But don’t take our word for it. Order an 
Olympia from us on our 30-day telephone - 
answering test. Personally see how quickly 
you can retrieve or rewind your messages 
without having to call in twice. See how this 
compact unit fits on your desk. And above all, 
note the quality and workmanship of this fine 
piece of equipment. 

Then after 30 days of messages, decide if 
you want to keep your unit. If not, no problem. 
Just return your unit for a prompt and courte- 
ous refund including your $3.50 postage and 
handling. 

If you decide to keep it, great. You’ll own the 
most advanced unit of its kind. The Olympia 
Master Recorder is sold exclusivly by JS&A. 
We're America’s largest single source of 
space-age products, and we have sold more 
telephone answering units than many of our 
competitors combined. We know the market. 


MULTI-NATIONAL CORPORATION 

Olympia is a multi-national corporation with 
eight national factory service and service-by- 
mail facilities—further assurance that your 
modest investment is well protected. 

To order your Olympia, send a check for 
$169.95 plus $3.50 postage and handling 
made payable to JS&A Group, Inc. (illinois 
residents add 5% sales tax.) Credit card 
buyers may call our toll-free number below. 
We'll send your unit complete with recording 
microphone, one cassette tape, remote pager, 
AC adapter, instructions, and a 90-day limited 
warranty—everything you'll need for your 30- 
day test. 

When we realized that the Olympia was the 
unit we should market, we called our previous 
supplier and told them of our decision. 

In today’s changing times, technology does 
not stand still. Despite our excellent relation- 
ship with our previous supplier, we felt it our 
obligation to introduce today’s most advanced 
products—even at the risk of losing a valuable 
supplier. 

If you’re considering a new telephone 
answering unit, we can’t recommend a better 
system than the Olympia Master Recorder. 
Why not order one at no obligation today? 
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The easiest, least expensive way to generate 
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spectacular multi-color graphics, sharp two-color alphanumerics: 
Your computer, a color tv set and the Percom Electric Crayon”. 


Add the Electric Crayon™ to your 
system and your keyboard be- 
comes a palette, the tv screen 
your medium. 

You dab and stroke using one- 
key commands to create dazzling 
full-color drawings, eye-catching 
charts and diagrams. 

Or you run any of innumerable 
programs. Your own BASIC lan- 
guage programs that generate 
dynamic pyrotechnic images, 
laugh-provoking animations. 

From a combined alphanu- 
merics-semigraphics mode to a 
high resolution 256- by 192- 
element full graphics mode, the 
microprocessor-controlled Electric 
Crayon™ is capable of generating 
10 distinctly different display 
modes. 

Colors are brilliant and true, and 
up to eight are available depend- 
ing on the mode. 

As shipped, the Electric 
Crayon™ interfaces a TRS-80* 
computer. It may be easily 





PERCOM DATA COMPANY, INC. 
211 N. KIRBY GARLAND, TEXAS 75042 
(214) 272-3421 


adapted for interfacing to any 
computer or to an ordinary parallel 
ASCII keyboard. 


But that’s not all 
The Electric Crayon is not just a 
sea graphics generator/control- 
er. 

lt is also a complete self- 
contained control computer. With 
built-in provision for 1K-byte of 
on-board program RAM, an 
EPROM chip for extending EGOS™ 
its on-board ROM graphics OS, 
and a dual bidirectional eight-bit 
port — over and above the com- 
puter/keyboard port — for 
peripherals. The applications are 


endless. 


Shipped with EGOS™ 1K-byte of 
display memory and a com- 
prehensive user's manual that in- 
cludes an assembly language list- 
ing of EGOS™ and listings of 
BASIC demo programs, the Elec- 
tric Crayon™ costs only $249.95. 


™ — trademark of Percom Data Company, Inc. . 


Options include: 
e LEVEL II BASIC color 
gQraphics programs on 
minidiskette: $17.95. 
e A 34-conductor ribbon 
cable to interconnect the Elec- 
tric Crayon™ to a TRS-80*: 
$24.95. 
e RAM chips for adding re- 
fresh memory for higher den- 
sity graphics modes: $29.95 
per K-byte. 
e Electric Crayon'!™ 
Sketchpad, a sketching grid 
of proportioned picture ele- 
ments (pixels) in a tv aspect 
ratio. For 128 x 192 or 256 x 
192 graphics modes. 11-inch 
by 17-inch, 25-sheet pads: 
$3.95 per pad. 


SYSTEM REQUIREMENTS: the video cir- 
cuitry of the Electric Crayon™ provides di- 
rect drive input to a video monitor or mod- 
ified tv set. An internal up-modulator for rf 
antenna input may be constructed by add- 
ing inexpensive components to the existing 
video circuitry. 

Prices and specifications subject to change without notice. 


* = trademark of Tandy Radio Shack Corporation which has no relationship to Percom Data Company. 


Get into computer color graphics the easy, low-cost way with a Per- 
com Electric Crayon™ Available at Percom dealers nationwide. Call 
toll-free, 1-800-527-1592, for the address of your nearest dealer, 
or to order direct if there is no Percom dealer in your area. 
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Editorial 


The Winter Consumer Electronics Show, where some 950 exhibitors dis- 
played electronic products they hope dealers will buy for resale to you, is 
over. As far as the introduction of new products was concerned, the Show 
was unimpressive. Most of the models on display were carryovers from 
last year’s line or warmed-over versions of same. Even the new products 
shown had a mix of new “‘for real’ and prototype models. 

A refreshingly healthy number of computers were on hand, though the 
only wholly new one was the first general showing of Hewlett-Packard’s HP- 
85 typewriter-size unit (see ‘‘New Products”’ section). Commodore Business 
Machines demonstrated a few systems that were for show rather than for 
sale at this time. These included a 16-color video system and a ‘‘touch the 
CRT screen with a finger’ input control. We also observed Personal Soft- 
ware’s VisCalc™ software program in action, which is also available for use 
with an Apple Il or lIl-plus computer. It’s an impressive program that turns a per- 
sonal computer into a highly efficient electronic worksheet that organizes and 
displays information on a screen for business and engineering applications. 

Apple introduced ‘‘Apple Writer,’ a software package to convert the Apple 
ll into a word processor ($75), and ‘‘Graphics Tablet,” an intelligent graphics 
input subsystem that’s extremely powerful. APF added an expansion interface 
to its personal computer, while Ohio Scientific, Atari, and Compucolor boosted 
their software libraries. 

Noncomputer microprocessor technology was evident in a number of prod- 
ucts. For example, we observed that more voice synthesizing systems are 
being adopted for general consumer products. Sharp’s prototype digital clock 
tells the time verbally, and a “‘talking’’ calculator verbally confirms each key 
operation; Windert’s under-$100 ‘‘Talking Watch” tells the time as well as voic- 
ing a brief message; Quasar’s prototype microwave oven issued cooking times 
by ‘“‘voice’’; Texas Instruments added three Solid State Speech™ modules to 
its ‘‘Speak & Spell” learning aids and a new version of S&S is scheduled to 
be introduced that includes sound effects; and Timely Products, Chicago, 
demonstrated a $38 retail door chime with 24 tunes that can be dialed. 

A host of electronic handheld and board games were demonstrated by many 
companies, including a gin card game (Mattel Electronics); a handheld video 
game cassette system called ‘‘Microvision’”’ (Milton Bradley); two-player hand- 
held football and basketball games (Coleco Industries); ““Odyssey2,”’ an over- 
30-games programmable video game system from Magnavox; Waddingtons’ 
two-player soccer and hockey games; Entex’s ‘“‘Mac Mini-Computer”’ for chil- 
dren (4K ROM, 1.5K RAM and full keyboard). 

A handful of electronic chess and backgammon games was on display, too. 
Chafitz’ ‘Grand Master’ Auto Response Board chess program (Sargon 2.5) 
was especially interesting as moves need not be keyed to alphanumeric mark- 
ings or pushbuttons. The system automatically senses chesspiece moves and 
responses are by lighted LEDs on squares. 

Wireless telephones and telephone accessories were clearly upbeat items, 
with more companies in the field than ever before. these included new wireless 
entries by Electra, APF and Cobra, among others. Ford Industries introduced 
its Code-A-Phone 1400 remote command telephone system, which includes a 
pocket coder that allows the owner to call from any telephone to pick up re- 
corded messages at home. Fracom/Rovaphone’s new Rovette® cordless phone 
system eliminated the traditional whip antenna, with a flexible antenna in the 
handset coil cord replacing it. And Canada’s Dictograph Corp., an intercom 
maker, has entered a $100 Phone Controller™ that stores up to 30 different 16- 
digit numbers for single-touch dialing and has LED phone-number readout and 
automatic redial, among other features. 

Major products in the fields of audio, video cassette, radar, car stereo, et 
al, were on display, of course, each demonstrating some refinements. These 
will be covered in other sections of PE over the next few months. 
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SAVINGS! 


For over a year now, in magazines and 
newspapers the world over, there have 
been enthusiastic write-upS on a 
remarkable new device that can cut your 
electric bill while helping the U.S. save 
huge quantities of fuel. 

“The NASA/Nola power saver,” wrote 
a Popular Science senior editor, ‘was 
developed by Frank Nola at NASA’s 
George C. Marshall Flight Center as an 
offshoot of a program to reduce power 
consumption in spacecraft motors. Nola 
calls ita PFC — power-factor controller. 
~ | prefer to call it a power saver, however, 
because that’s what it does.” 


NASA TESTED IT 


According to Clyde S. Jones of NASA, 
“The device has been tested at Marshall 
Center on over 40 types of motors, with 
power savings ranging ‘up to 60%, 
depending on the loading. The motors 
tested were both single-phase and three- 
phase, ranging from 2 H.P. to 5 H.P. 
Most motors will show up to 40-to-50% 
savings when running lightly loaded or 
unloaded, and some will show 5-to-7% 
savings at rated load.” 

NASA’s Technical Support Package 
showed the test results and noted that 
“The Power Factor Controller applies to 
induction type electric motors — the 
most commonly used type in all major 
home appliances and the most common- 
ly used by industry.” 


HOW IT SAVES POWER 


Popular Electronics explained it this 
way: “AC induction motors character- 
istically run at a nearly constant speed 
that’s fixed by power-line frequency and 
independent of load and supply voltage. 
When heavily loaded, the motor draws 
line current that is nearly in phase with 
the applied voltage... Under light load 
conditions, the motor develops less tor- 
que by allowing more lag between the 
voltage and current. This reduces the 
power factor while leaving the current 
essentially the same in magnitude. 

“Though the low power factor means 
that conversion of electricity to 
mechanical power is small, the large cur- 
rent causes considerable (heat) losses in 
the supply lines and motor windings. 
This is what reduces efficiency. 

“To minimize this waste, Nola’s device 
monitors the motor’s power factor and, 
when it detects light load conditions, it 
reduces the supply voltage... The cur- 
rent, now more nearly in phase with the 
voltage, therefore does as much useful 
work as before, but it and the voltage are 
smaller, resulting in a net savings. of 
electrice power.” 


THE SAVINGS CAN ADD UP 


Like everything else, the cost of elec- 
tric power keeps going up. Not only is 
the basic rate you pay going up, the 
power companies have now added on a 
“fuel adjustment” charge to help pay for 
running their generators. In 1980, 1981 
and beyond, you’ll pay more and. more 
for the privilege of running your electric 
appliances. 
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WATT WIZARD 
POWER FACTOR CONTROLLER CUTS 
THE COST OF RUNNING ELECTRIC 


APPLIANCES BY AS MUCH AS | 
50% -- AND YOU CAN EVEN SEE THE 


National Aeronautics 
and Space Administration | 


Patent No. 4,052,648 


Right now, the typical consumer pays 
about $8 per month to operate a 16.5 cu. 
ft. frost-free freezer ...$10 to run a 17.5 
cu. ft. frost-free refrigerator .. . $8.25 for 
an attic fan operating 12 hours a day 
...and about $60 for an air conditioner 
used during summer months. It’s not 
hard to figure out what you're paying per 
year just to run one of these appliances. 
And in many parts of the country, the 
cost is even higher. 

That’s why Nola’s power saver can 
soon pay for itself, then start reducing 
your electric bills — the amount of sav- 
ings, of course, depending on which ap- 
pliance(s) you usetit with. 

There’s just one catch. Until now, the 
device has not been available — except 
for industrial models prices at $80 or 
more. 


INTRODUCING THE WATT WIZARD 


Cynex, an American manufacturer of 
electrical and electronic products and a 
prime contractor for the U.S. Govern- 
ment, has been licensed by NASA to 
manufacture Frank Nola’s power saver. 
Cynex calis it the Watt Wizard. 

“The Watt Wizard,’’ says Ray 
Beauchea, the firm’s Marketing Director, 
“regulates the voltage fed into an induc- 
tion motor, reducing or boosting power 
as required, when loads go up or down. 
Simply stated, it makes motors run more 
efficiently, especially when idling. It 
reduces motor heat, affording longer 
motor life and reducing the amount of air 
conditioning required for cooling 
(rooms) in Summer months. It saves elec- 
tric power, because kilowatt hours are 
greatly reduced. And it causes the motor 
to run quieter.”’ 


SIMPLE TO USE 


Cynex makes several models of the 
Watt Wizard (all with solid state design), 
including the 110 VAC plug-in model 
we’re offering. It’s for single phase frac- 
tional H.P. motors (less than 1 H.P.) 
which is the type used in most made-for- 
the-home freezers, refrigerators, window 
and attic fans, swimming pool pumps, fur- 
nace fans, vacuum cleaners, sewing 
machines, power drills, etc. 

Simply plug the Watt Wizard into any 
electric outlet, then plug the appliance 
into the Watt Wizard. There’s no wiring 
required. Unlike some competitor's 
models (if and when available), the ap- 
pliance does not have to be turned on 
before being plugged into the power 
saver. You can leave the appliance — 
whether on or off — plugged into the 
Watt Wizard all the time. Or you can 
move the Watt Wizard to various loca- 
tions, depending on which appliance is 
being used. (Better yet, order several 
Watt Wizards.) ; 
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OTHER MODELS AVAILABLE 


Air conditioners, washers and dryers 
require wire-in model. If you lack 
mechanical skill, you probably need an 
electrician to install it. We also offer it in 
220 VAC single or three-phase. 


ADVANCE FEATURES 


The Watt Wizard also includes two more 
unique features. It’s fused, so if you ac- 
cidently overload the device, it won't 
burn out. Just change the fuse, which is 
available at any auto supply store. 

And the Watt Wizard features an LED 
readout, So you Can actually tell, at any 
moment, exactly how much power you're 
saving — 10%, 20%, 30%, 40% or 50%. 

There’s a ‘‘Power On” light, too. And 
the Watt Wizard comes with the 
manufacturer’s 1-year limited warranty. 


LOW COST — AND A TAX CREDIT 


We're offering the Watt Wizard for on- 
ly $39.95, with immediate delivery. Want 
two? Then it’s just $37.95 each. Or 
splurge and get three at $34.95 each. 
Wire-in models for heavy duty motors are 
$6 more for each unit. Add just $2.50 
postage/handling for each order (not 


-each unit). 


And next year, when you fill out your tax 
return, you can deduct a full 15% energy 
tax credit — for additional savings. 


30-DAY MONEY-BACK GUARANTEE 


Try the Watt Wizard for up to 30 days. 
lf not completely satisfied, return it 
(insured) for a full refund. 

The sooner you send for the Watt 
Wizard, the more you can save on your 
electric bills. To order, send your check 
or money order to the address below. Or 
charge it to your Visa, MasterCharge, 
American Express or Carte Blanche 
credit card. If using your charge card, 
you can also order via our toll-free phone 
number: 


800-257-7850 


(In New Jersey, Call: 800-322-8650) 
N.J. residents, add 5% sales tax. 


Or mail your order to: 


Dept. P, Lakewood Plaza 
Lakewood, N.J. 08701 
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Melntosh 


“A Technological 
Masterpiece...” 


McIntosh C 32 


“More Than a Preamplifier” 


McIntosh has received peerless ac- 
claim from prominent product 
testing laboratories and outstand- 
ing international recognition! You 
can learn why the “more than a 
preamplifier’ C 32 has been 
Selected for these unique honors. 


Send us your name and address 
and well send you the complete 
product reviews and data on all 
Mcintosh products, copies of the 
international awards, and a North 
American FM directory. You will 
understand why McIntosh product 
research and development always 
has the appearance and _tech- 
nological look to the future. 


Keep up to date. 
Send now - - - 





Mcintosh Laboratory Inc. 
Box 96 East Side Station 
Binghamton, NY 13904 


Name 

Address 

‘| ee ees | eee 
lf you are in a hurry for your catalog please 
send the coupon to Mcintosh. For non-rush 


service send the Reader Service Card to the 
magazine. 
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RELAY POWER SAVINGS 

“An Experimenter’s Guide to Relay Con- 
trol’’ in your February issue was an excellent 
short course, which | clipped out and put in 
my book of handy circuits. However, there is 
a way of achieving significant power saving in 
relay circuits that was not mentioned. | first 
read about it in an article by John R. Nelson, 
of Motorola, in Electronics magazine, dated 
Dec. 9, 1976. Essentially, the idea is to 
reduce the voltage necessary to actuate a 
voltage by adding the voltage across a 
charged capacitor to the normal source. 
Then, once the relay is energized, the source 
is sufficient to hold it in. Thus, a 26-V relay 
can be energized from a 12-V supply by add- 
ing a charged 15-uF capacitor in series with 
the coil and a transistor. When a switch is 
closed to apply the 12 V, it also turns on the 
transistor to discharge the capacitor and 
increase voltage across the coil. Variations 
in the circuit can be made to suit various 
relays.—J.M. Burwell, Fort Rucker, AL. 


IMPROVED NASA MOTOR CONTROLLER 

The designer of the circuit that appeared in 
my article (‘‘NASA Motor-Control Circuit Cuts 
Electric Cost,’ October 1979) has brought to 
my attention a simple modification which 
eliminates the need for the cumbersome 
fixed resistor R71 (0.02 ohm, 5 watts). With 
the change (shown below), the only factors 
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NOTE: ERRONEOUSLY INCLUDED IN SCHEMATIC OF 
ORIGINAL CIRCUIT; NOW PART OF MODIFICATION 


that limit the size of the motor to be con- 
trolled are the current rating of TRIAC?7 and 
the heat-dissipating capability of the heat 
sink on which it is actually mounted. 


The modified circuit replaces A7 with a 
jumper to the bottom of T7’s primary and has 
two new fixed resistors that form a voltage 
divider between the bottom of the primary 
and MT2 of TRIAC1. The tap of the voltage 
divider is connected to the noninverting input 
of /C1B (pin 10). Instead of sampling motor 
current by means of the voltage drop across 
R17, the modified circuit samples it by means 
of the voltage drop across the intrinsic resist- 
ance of TRIAC1. The voltage divider attenu- 
ates this voltage to a level below that of the 
op amp’s power supply.—Myles H. Marks, 
Pittsburg, PA. 


REACT TEAMS HEALTHY 

The reference in your December ‘‘Personal 
Electronics News’”’ column to REACT'’s finan- 
cial needs and recommendations that contri- 
butions be sent for our Emergency Fund is 
most helpful and appreciated. However, we 
have been advised by a number of our 
REACT Teams throughout the country that, 
while our Headquarters operations as REACT 
International, Inc. are having difficulties, we 
still have hundreds of local REACT Teams 
throughout the country which are thriving, 
growing and serving the public in an increas- 
ingly more valuable way every day. 

The REACT program is most successful 
and visible at the local level where we have 
very active Teams. The Emergency Funding 
Drive is ending with some success thanks to 
you and other publishers as well as the out- 
standing response we have received from 
local REACT Teams everywhere.— Gerald H. 
Reese, Managing Director, REACT Interna- 
tional, Chicago, IL. 


NUCLEAR POWER ADVOCATE 

The nuclear power plant illustration on the 
cover of your January 1980 issue portrays a 
gloomy nuclear power plant of impending 
doom. This portrayal is untrue and unwar- 
ranted. . . . singles out nuclear power 
plants as the only source of radiation that the 
‘‘personal radiation monitor’ (PRM) may be 
used to detect. However, your article lists 
several other sources of radiation, including 
“many New England fireplaces.”’ Why not 
illustrate a New England fireplace on your 
cover? 

The Kemeny commission has reported 
that the offsite radiation dose attributable to 
the (Three-Mile Island) incident was so low 
that any potential health effects will be mini- 
mal, leading to a projected cancer-death 
potential from zero to less than 10. There- 
fore, when you mentioned the TMI incident 
and resulting radiation release, you should 
have included ‘‘though very-low-level” just as 
you did in making reference to radiation emit- 
ted from New England fireplaces.— M. L. Nei- 
son, Nuclear Engineer, Babcock and Wilcox 
Co., Lynchburg, VA. 


lf one were to illustrate a home on fire with 
a smoke alarm in the foreground it does not 
imply that people should not live in homes. 
The radiation release from TMI was indeed 
very-low-level. —Ed. 


AMBIENCE FOR STEREO 

Adding two extra loudspeakers to provide 
“ambience” via the Hafler system, as 
described in the ‘‘Stereo Scene’ in your 
October 1979 and January 1980 issues, is a 
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great idea. But the effect can be further 
improved, using an even simpler setup that 
works on a// stereo recordings and does not 
require the listener to sit near the center of 
the room. The rear speakers, connected in 
parallel with the front ones, should be placed 
on their backs, facing the ceiling. Their dif- 
fuse reflections provide a stronger feeling of 
spaciousness. Crossing the left to the right 
and vice versa at the rear prevents the sound 
from seeming to come from the side walls. 
The back speakers can be relatively inex- 
pensive and their levels can be controlled by 
L-pads or simple 5-watt pots with values 
around 27 ohms. 

This system is called ‘‘S-cubed”’ and is 
used in all General Motors cars having fac- 
tory-installed stereo radios with the four- 
speaker option. (Ford and Chrysler are not 
interchanging L and R at the rear.)— Daniel 
Shanefield, Princeton, NJ. 


AUDIO ARTIST CONNECTIONS 

On page 61 of the December issue, in the 
‘Audio Artist’ article, the gate, source, and 
drain of Q7 are not marked. The markings 
given on the component placement on page 
62 would not seem to agree logically with the 
schematic. —Mike Ringenberger, Martins- 


ville, IN. 
There are two versions of the TO-92 case 


for FETs. For the one shown in the compo- 
nent layout, the outline is correct and the 
circuit would work but interchange the label- 
ling of the drain and source. —Ed. 


PEDOMETER MODIFICATION 

Readers who build the ‘‘Electronic Pedom- 
eter for Joggers’’ (August 1979) may wish to 
keep arunning tally in miles rather than steps. 
To do this, simply use the number of miles per 
step as the constant instead of 1. For exam- 
ple, if you find it takes you 1250 steps to jog a 
mile, the miles per step would be this num- 
ber’s reciprocal, or 0.0008. To enter this con- 
stant, use the key sequence CLR, +, .0008. 
If your calculator has a reciprocal key, use 
the sequence CLR, +, 1/x. The calculator 
can be reset to zero or preset to any number 
without reentering the constant simply by 
pressing O or entering any other number with- 
out pressing CLR or any arithmetic-operation 
key. — Stephan Bush, Kingston, NY. 





“The nerve of them, 
taking the word of their computer 
against my checkbook stubs.” 
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$140 
Gets it All. 





We just knocked down the last reasons for not going digital in a 
multimeter. Fast continuity measurement. And price. 

Beckman’s exclusive Insta-Ohms™ feature lets you do continuity checks 
as fast as the analogs. And Beckman’s superior technology and experience 
let you own this beauty for such a reasonable price. 

Of course you get a lot more. Like 7 functions and 29 ranges including 
10 amp ac/dc current capability. 0.25% Vdc accuracy. In-circuit resistance 
measurements and diode/transistor test function. Two years’ typical operation 
from a common 9-volt battery. In other words, all the features you want in 
one hand-held unit of exceptional good looks and design. 

With 1500 Vdc overload protection, 100% instrument burn-in, plus 
rugged, impact-resistant case, you’re assured of the utmost in dependability and 
long-term accuracy. You get a tough meter that keeps on going, no matter 
how tough the going gets. 

So visit your dealer today and get your hands on the DMM that does it 
all. Or call (714) 871-4848, ext. 3651 for your nearest distributor. 


BECKMAN 


CIRCLE NO. 7 ON FREE INFORMATION CARD 















speakers and _ two _ Direct/Reflecting 
speakers. The Spatial Expander uses a 
charge-couple device (CCD) time-delay 
process to delay sound from the rear 
speakers. The result is said to create a 
lifelike ambiance without detrimental ef- 
fects. 











New Products 


Additional information on new products 
covered in this section is available from the 
manufacturers. Either circle the item’s code 
number on the Free Information Card 
or write to the manufacturer at the 



























graphics modes. Up to eight colors can be © 
generated. With highest density, display 















address given. 







Hewlett-Packard 
Personal Computer 


Hewlett-Packard’s new HP-85 computer is 
a self-contained system that combines a 
computer, five-inch CRT, alpha keyboard 
and 20-key numeric pad, a thermal printer, 
and an H-P tape drive to accommodate H-P 


















Data Cartridges. Interactive graphics are 
built-in with a graphics mode for video dis- 
play and for the printer. The system has 
16,000 bytes of read/write memory, with 
14,500 bytes available. Memory can be 
expanded to 32,000 bytes (30,500 avail- 
able) by plugging in an optional memory 
module. H-P’s BASIC language is said to 
Offer 12-digit accuracy, versatile string 
operations, convenient editing, 42 prede- 
fined functions, four levels of program 
security and flexible output formatting. The 
graphics system (with a 256-by-192 dot 
field) allows data to be plotted, displayed, 
and preserved on the built-in printer. The 
keyboard serves four functions: entering 
alpha data; entering numbers and doing 
arithmetic operations; program develop- 
ment using ‘‘soft’’ keys; and display, edit- 
ing, and system control keys. In the alpha- 
numeric mode, the CRT display has a max- 
imum of 16 lines of 32 characters. Four |/O 
ports permit expansion for disc drives, plot- 
ters, etc. Dimensions are 16’"W X 18’L X 
6'’H (40 X 46 X 15.5 cm); weight is 20 Ib 
(9 kg). $3250. 
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Bose Ambiance System 


The new Bose Spatial Expander® is 
designed to work with the company’s Spa- 
tial Control Receiver, two 901 Series IV 
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Hickok Hand-Held DVOM 


The new. one-hand-operation LX 304 
DVOM from Hickok has a 12"'-high, 31/2- 
digit LCD display and is claimed to be able 
to withstand a four-foot drop without loss 
of accuracy. It features automatic polarity, 








zero, and overrange indication; automatic 
decimal point; battery indicator; and diode 
and transistor testing capability. It’s rated 
at 0.5% accuracy on dc voltage ranges. 
Resistance ranges are from 200 ohms to 
20 megohms and dc voltage from 200 mV 
to 1 kV. Current ranges are 200 mA and 1 
A; ac voltage ranges are 200 and 600 rms. 
Test leads store in a built-in closed com- 
partment. $89.95. 
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Computer 
“Electric Crayon’’ 


Percom’s new Electric Crayon generates 
computer-operated color graphics and 
control on either a color TV receiver or 
monitor. It includes a ROM operating sys- 


tem, (EGOS®) which accepts single-char- 
acter commands directly from a parallel 
ASCIl keyboard or program generated from 
a computer. It interfaces with a TRS-80, but 
can be adapted to any computer. The sys- 
tem has provision for 1K of on-board RAM, 
an EPROM chip for extending EGOS and a 
second dual bidirectional 8-bit port for 
peripherals. Ten display modes include 
alphanumeric-semigraphics, a second 
higher-density semigraphics, and _ eight 































resolution is 256 by 192 picture elements. 
System enclosure is 2V2”H X 9”’D X 
12’'W (6.4 X 23 X 30 cm). $249.95. 
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Digital Readout 
AM/FM Receiver 


Among the features of Sony’s top-of-the- 
line 55-watt/channel STR-V55 AM/Stereo 
FM receiver is its frequency synthesis tun- 
ing system with a claimed tuning accuracy 
of better than 0.002% and fluorescent digi- 
tal frequency readout for both FM and AM. 
A microprocessor tuning system with 
“Feather Touch’”’ controls offers four sta- 
tion-selection methods: “Manual” for step- 
ping up or down the FM scale; ‘‘Auto’’ to 
move up or down scale to the next avail- 
able station; ‘‘Memory Preset’ to select 
one of eight stations entered into memory; 
and ‘‘Memory Scan’”’ to stop for 3.5 sec- 















onds at each station in memory. Memory is 
retained even when power is removed, and 
provision is made for inserting tiny cards to 
indicate what stations are in memory. The 
power amp’s pulse power supply is said to 
keep TIM and IM below 0.02%. In addition, 
Output transistors are claimed to deliver 
cutoff frequencies between 50 and 80 MHz. 
Other features include a_ three-position 
muting sensitivity level, two tape monitor 
circuits, a five-LED signal-strength display, 
a low filter that takes effect at 15 Hz, an 
audio mute that lowers volume by 20 dB. 
Dimensions are 54"H X 17”W X 147e’D 
(13.5 X 43 X 37 cm); weight is 15 Ib (6.8 
kg). $500. | 
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‘Intelligent’ Printer 


The HY-Q 1000™ by XYMEC, is a daisy- 
wheel printer for use with computers. It 
uses five built-in microprocessors and is 
said to be capable of eliminating the need 
for much complex computer software. The 
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printer can be plugged into any computer. 


and will automatically convert simple 
codes into instructions for right justifica- 
tion, proportional spacing, automatic title 
centering automatic decimal-point loca- 
tion, and other common text formatting 
functions. It also has Quadra-Pitch™ (10, 


12, or 15 characters per inch, or propor- - 


tional spacing) up to 198 characters per 
line, 100 printable characters in five lan- 
guages, and a choice of 21 different type 
styles in five different colors. White char- 
acters can also be printed on a black 
background. The printer uses an Olivetti 
electronic typewriter which can perform 
various functions by use of a 1024-charac- 
ter memory, including often-used phrases, 
tabs etc. $2495. 
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Selectable-Current 
Circuit Breaker 


Intended for use in building and testing 
breadboard circuits, the Model 101 Break- 
er Box, by the Long Range Co., can be 
varied to trip with currents between 250 mA 





and 7.75 A in 250-mA steps. There is also 
a 10-mA setting for testing ‘‘dry’’ or no- 
current circuits. The unit reacts to overcur- 
rents of ac or either polarity of dc in about 
10 milliseconds. Toggle switches point 
toward current values selected: and a 
tripped condition is indicated by a lighted 
red LED. 
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VCR with 14-Day 
Programmer 


Zenith’s new ‘Video Director-Program- 
mable’”’ VCR (Model VR9700J) is a Beta- 
format machine that can record up to four 
programs on four different channels at four 
different times during a 14-day period. Oth- 
er features of the five-hour VCR are a 
weekly repeat which allows a program to 
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THE WORLD AT YOUR FINGERTIPS 


Announcing the world’s first affordable 
information /communication network for 
personal computers or data terminals 


Now you can be at the New York 
Stock Exchange, the UPI newsroom, 
the New York Times Consumer Infor- 
mation Library, and dozens of other 
important places at the touch of your 
fingertips. 

Tomorrow's technology is here right 
in your own home or office with THE 
SOURCE, an affordable information/ 
communication utility which gives your 
personal computer instant nationwide 
access to dozens of important infor- 
mation resources ... 

Local and national weather from 
UPI... airline schedules and res- 
ervations .. . restaurant and enter- 
tainment information... sophisti- 
cated computer games... nation- 
wide electronic mail system... 
energy information . . . up-to-the- 
minute sports, news, stock market 
reports, commodity futures... 
foreign currency reports... edu- 
cational programs... discount 





shopping service... nationwide 
real estate locator... and much 
more! 

In short, THE SOURCE will revo- 
lutionize your personal and business 
life ... and change forever the way 
you use information. 

THE SOURCE supplements your 
personal computer with unlimited 
mainframe storage capacity and com- 
olete editing, and debugging systems 
... plus programming in several lan- 
guages including EXTENDED BASIC, 
FORTRAN, RPG II, and COBOL. 

All this has been designed well with- 
in reach of your pocketbook, with 
charges as low as $2.75 per connect 
hour (non-prime time), accessed 
through a local telephone call. 

Now is the time to discover. how THE 
SOURCE can put a world of Knowledge 
and entertainment at your fingertips. 
Use the coupon below to get complete 
details free of charge and obligation... 


The SOURCE Free Information Request 
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: Please send me your FREE information guide to THE SOURCE. | understand | am under 
no obligation. 
L) | currently have a personal computer: 

g MAKE: MODEL: 

: LJ Please send me information on compatible microcomputers and data terminals includ- 

ing the special low-cost terminal equipment packages offered by THE: SOURCE - 

g NAME: 

§ ADDRESS: 

E city: STATE: ZIP: 

a For a free demonstration why not drop by one of our over 300 participating retailers. 

: For more information please mail this coupon to: 
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Telecomputing Corporation of America M@ 1616 Anderson Road @ McLean, Virginia 22102. 
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be recorded once a week until the tape 
runs out, automatic electronic-pulse index- 
ing, triple-speed play for review of material 
with a picture on the screen, and remote 
control with pause/stop action. Audio dub 
allows sound to be recorded from an out- 
side source onto previously recorded 
tapes. $1350. 
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Mobile Digital Scanner 


Regency Electronics’ Model ‘‘Touch 
M100”’ is a digitally synthesized, 10-chan- 
nel scanning radio for both mobile and 

home use. It covers the low, amateur and 





high vhf bands, and uhf band from 440 MHz 
to 512 MHz. Features include a search 
mode that can sample a band for calls, 
channel-one priority, digital display, scan 
and search delay, and brightness control 
for day or night use. Scanning rate is 15 
channels/ second. 


CIRCLE NO. 93 ON FREE INFORMATION CARD 





Harman Kardon Adds 
Dolby HX System 


The hk705 cassette deck has been intro- 
duced into the Harman Kardon line of sep- 
arate components. It features Dolby head- 
room extention (HX), said to improve high- 
frequency dynamic headroom by 10 dB, as 
well as Dolby B. The deck is equipped to 


handle all current types of tape, including 
metal. Sendust Alloy tape heads are used, 

~and LED record level indicators are pro- 
vided. Rated specifications include: 0.04% 
wow and flutter (NAB wrms); 0.9% THD; 
20-19,000 Hz +3 dB (metal tape) fre- 
quency response; —68 dB S/N (A- 
weighted, metal tape, Dolby in); channel 
crosstalk over 65 dB and channel separa- 
tion over 38 dB. Dimensions are 15.2’’W X 
2.9"H X 12.6’'D (385 X 72.5 X 320 mm); 
and weight is 13.7 Ib (6.2 kg). 
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Low-Cost ASCIl 
Keyboards 


RCA has introduced two ASCll-encoded 


keyboards with flexible-membrane key 
switches that are unitized to prevent liquids 
or dust from affecting operation. Model VP- 
601 is a 58-key typewriter-format board, 
while Model VP-611 has 74 keys with type- 
writer format plus 16 keys for numeric 
entry. The switches have positive-press 
action plus a tone generator to give aural 
keypress feedback. Boards operate froma 
single 5-volt dc supply and include a LED 
power-on indicator. The buffered seven-bit 
output is TTL and CMOS compatible. The 
boards also include two-key-rollover cir- 
Cuitry. The VP-601 is $65; VP-611, $80. 
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Loudspeaker Uses New 
Cone Material 


Wharfedale’s TSR 110 speaker system 
uses a vertical-line, linear-phase arrange- 
ment with.two 200-mm (7.87-in.) bass/ 
midrange drivers operating in conjunction 
with one 25-mm_ (0.98-in.) soft-dome 
tweeter. The two lower drivers operate in 
tandem in an acoustic-suspension enclo- 










sure up to about 300 Hz. Between 300 and 
3500 Hz, the upper driver only is ener- 
gized; there is an 18-dB/octave crossover 
to the treble unit. The bass/midrange 
cones are molded of a mineral-filled homo- 
polymer said to have an exceptionally high 
Stiffness-to-weight ratio. A continuously 
variable treble control adjusts the output in 
the range from 3000 to 20,000 Hz. Claimed 
frequency range is 35 to 25,000 Hz, with a 
power rating of 15 to 140 watts. The wal- 
nut-veneer enclosure has a detachable 
grille and measures 27.5” X 13.1” X 
13.2” (695 X 332 XK 335 mm). 
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Antler Base-Loaded 
Antennas 


Antler’s two-way radio ‘‘Pro’”’ Line of base- 
loaded antennas includes four models cov- 
ering ranges of 30-36 MHz, 36-42 MHz, 













































45-50 MHz, and 130-174 MHz plus a 
3/4-wave roof-mount antenna tuned to reso- 
nate between 108 and 174 M Hz. The 
latter is for use by city dwellers who have 
low-clearance problems. The four base- 
loaded models are provided with cutting 
charts to obtain accurate frequencies. 
They are available with a variety of mount- 
ing arrangements; shock springs are op- 
tional. 
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Turntable ‘‘Flattens’’ 
Warps 


Onkyo’s new CP-1030F turntable is a sin- 
gle-play, fully automatic, direct-drive mod- 
el with a quartz-lock speed control and a 
specially designed low-mass carbon-fiber 














tonearm said to give optimum results with 
today’s high-compliance cartridges. Low- 
frequency resonance of the arm and a typ- 
ical high-compliance cartridge is con- 
trolled well enough, according to Onkyo, to 
allow warped records to be played with a 
minimum of distortion. In addition, the turn- 
table has a rated signal-to-noise ratio of 
75 dB and wow and flutter less than 0.03% 
(WRMS). Reliability of the unit is said to be 
enhanced by the use of an additional 
motor dedicated to tonearm functions. A 
set of LED indicators show what functions 
are engaged. $315. 
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Digital Encoder Interface 


Sensor Technology has introduced an 
incremental encoder, the Digipot®, which 
provides an interface manually with a digi- 
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Not Just Another Limited Area Motion Detector! 


gquardex” 


Protects Every Square Inch Of Your Building 


Turns On Lights Automatically 


Powerful Electronic Siren 





Low Cost Computerized 


Burglar Alarm System 


Home - Office - Business 


NO INSTALLATION 


Just plug the Guardex 8000 alarm system in, make several 
simple control adjustments to suit your particular building and 
it works! There are no other wires to run. This totally self-con- 
tained burglar alarm can completely seal off every square inch 
of the surface of your building. It protects doors, windows, and 
what most alarms miss...your roof, walls and floors. 


HOW CAN ONE SMALL COMPUTER PROTECT MY 
WHOLE BUILDING? 


Guardex 8000 Alarm System works on the principle of audio 
discrimination. This, put simply, is the process of electronic- 
ally separating normal everyday sounds, such as voices, tele- 
phones, etc. from break-in type noises such as breaking glass, 
prying metal, or forcing a door open. The Guardex 8000 pro- 
tects one story homes and offices up to 2000 square feet and 
open commercial buildings up to 10,000 square feet. The 
Guardex 9300 with wireless remote sensor capability is avail- 
able for multi-story homes and offices or single story with 
more than 2000 square feet. Call the factory for more detailed 
information. 


TURNS ON LIGHTS AUTOMATICALLY 


When the first break-in type sound is detected, the system will 
instantly turn on lights, radio, or other electronic equipment 
that you have plugged into the back of the alarm. These lights 
or other equipment will remain on for a period of five minutes, 
then automatically turn off. 


POWERFUL ELECTRONIC SIREN 


The Guardex 8000 alarm is equipped with a loud built-in siren. 
If during the five minute period the lights or other electronic 
equipment has been activated, a second break-in sound is de- 
tected, (it can be only a second or two after the first break-in 
sound) the built-in siren will start blasting for 90 seconds. At the 
end of approximately 90 seconds the siren will shut off and the 
alarm listens again. If another break-in sound is heard, the 
siren will come on for another 90 seconds. If no other break-in 
sound is detected, the siren will stay off and at the end of the 
five minute period the lights will shut off and the alarm in- 
stantly resets. 


gy 
tie Yi 


The rear control panel 
contains two standard AC 
plug receptacles for a table 
lamp, spot lights, radio, etc.; 
terminals for connecting 
optional outside siren and 
back-up battery (not 
included); entry delay time 
control and sensitity control. 
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The Guardex 8000 Alarm System is walnut grained and dis- 
guised to look like a small stereo speaker (6%4"' x 934” x 8”’) 
and weighs less than 62 pounds. 


EXIT AND ENTRY DELAY 


The Guardex 8000 alarm has a built-in exit delay allowing you 
approximately one minute to lock up and leave the building 
before the alarm is armed. When you enter your building you 
may find that just your normal entering sounds activate the 
siren. You may delay it from starting for up to 30 seconds by 
turning up the siren entry delay control. 


BATTERY BACK-UP 


Burglars rarely cut power. However, to give you total protec- 
tion from a burglar and possible power failure, our alarm has 
provisions for a battery back-up. (Batteries not included). 12 
volt lantern batteries are available at most hardware stores. 


THE BURGLARY PROBLEM 


The F.B.I. statistics show that at the present rate, one out of 
every four Americans are going to be burglarized. That is not a 
very pleasant fact, but it is true. You have a greater chance of 
being burglarized than being a victim of a fire or automobile 
accident. The time is now to help protect yourself and your 
valuables with a Guardex 8000 alarm system. 


OUTSIDE SIREN 


The Guardex 8000 alarm is equipped with a loud, built-in siren, 
but if you desire an additional siren to mount outside or in an 
area away from the main alarm, they are available with 50 feet 
of wire for $24.95. (Connecting terminals are provided on the 
back of the alarm). 


30 DAY NO RISK TRIAL 


This is your opportunity to purchase an alarm system directly 
from the factory for only $199.95. Try it in your home or busi- 
ness for thirty days without risking one cent. Put our Guardex 
8000 alarm to your own test. See for yourself! It will protect 
every window and door from break-in. If you are not completely 
satisfied, return the alarm within 30 days for acomplete refund. 
To order your Guardex 8000 alarm, CALL TOLL FREE to charge 
your credit card or send your check to Guardian Electronics, 
Inc. in the amount of $199.95. If you want the optional outside 
siren, add $24.94. (California residents add 6% sales tax.) 


(If you require more information, 


call during California business f master charge 


hours, Monday - Friday) 








Dealer Inquiries Invited 


CALL TOLL FREE 
(800) 423-5499 


California residents: 
(213) 889-1414 collect. 


GUARDIAN 
ELECTRONICS, INC. 


31133 Via Colinas, Dept. PE. Westlake Village, Calif. 91361 
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five new Shure Cartridges 
feature the technological 
~ a  pemeae of the V15 













Shure has written a new chapter in 
the history of affordable hi-fi by 
making the space-age technologi- 
cal breakthroughs of the incompa- 
rable V15 Type IV available in a 
complete line of high-perform- 
ance, moderately-priced car- 
tridges: the M97 Era IV Series 
Phono Cartridges, available with 
five different interchangeable sty- 
lus configurations to fit every sys- 
tem and every budget. 










Dynamic 
Stabilizer— 
which simultaneously 
overcomes record-warp 

caused problems, provides 
electrostatic neutralization of the 
record surface, and effectively 
removes dust and lint from the record. 






SIDE-GUARD, which 
responds to side thrusts 

on - stylus by 

withdrawing the 

entire SHE SHEIK CY 
and tip safely into ay 
the stylus housing A: 


before it 
can bend. 









And, the unique 

telescoped stylus 

assembly which 

results in lower effective 

stylus mass and dramatically 

improved trackability. 

There is even an M97 cartridge that offers the 
low distortion Hyperelliptical stylus! 















NEW! M97 Series Era IV Phono Car- 
tridges...Five new invitations to the new 
era in hi-fi. 


“Ee 218) -1-3° 


Shure Brothérs Inc., 222 Hartrey Ave., 
Evanston, iL 60204 
In Canada: A.C. Simmonds & Sons Limited 
Outside the U.S. or Canada, write to Shure Brothers 
Inc., Attn: Dept. J6 for information on your local 
Shure distributor. 
_ Manufacturers of high fidelity components, 
microphones, sound systems and related circuitry. 
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tal system. Connected to an up/down 
counter, the unit is claimed to offer unlim- 
ited resolution in the form of an n-bit word 
which can be arbitrarily long. The same 
up/down counter can also be used as a 
memory for a D/A converter. Direct inter- 
facing to a microprocessor is possible 
through an I/O routine over two bitlines. 
Applications include positioning of X/Y 
tables, N/C machines, inputs to volume 
controls, or control of stepping motors. 
$39.90. Address: Sensor Technology, 
21012 Lassen St., Chatsworth, CA 
91311. 






















New Cassette Tapes 


RKO Tape Corp. has added Ultrachrome 
and XD general-purpose tapes to its line of 
audio cassette tapes. Ultrachrome is said 
to be a second-generation chromium-diox- 
ide tape with a frequency response flat 
+0.2 dB out to 20 kHz. It is claimed to 


























equal metal tape in response, distortion 
and S/N. The XD, according to RKO, is 
formulated for the musical midrange, where 
its headroom is said to be 78% greater 
than average with a significantly higher S/ 
N. Ultrachrome is $5.76 for C-90, $3.96 for 
C-60; XD, $3.66 and $2.60 (also available 
in C-45 at $2.36). 
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Analyzer /Equalizer — 


Soundcraftsmen’s new Model AE2420-R 
‘‘Scan-Alyzer’’/Equalizer contains differ- 
ential comparator circuitry said to be able 
to measure room equalization with an 
accuracy of +0.1 dB. The equalizer and 
analyzer sections both use active band- 
pass filters on octave centers ranging from 
30 to 15,360 Hz. Rated boost/cut capabil- 
ity ranges from +12 to +16 dB in each 
band, depending on setting of adjacent 
controls. Harmonic and IM distortion are 
reported to be less than 0.01%, and S/N, 
100 dB, all at 2-V output. In addition, the 
analyzer section contains its own pink- 
noise source and a microphone preamp. 
Dimensions are 51/4""H XK 19”W X 11%4"D 
(13.5 X 49 XK 29 cm); weight is 20 Ib (9.1 
kg). $500. 
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New Literature 


COMPUTER SOFTWARE YELLOW PAGES 

All Micro Architect business software for the 
TRS-80 is listed in the 12-page TRS Yellow 
Pages guide. Issue 1.4 features a sophisti- 
cated data base manager for the TRS-80. 
Two stamped, long, self-addressed envel- 
opes must accompany request. Address: 
Micro Architect, 96 Dothan St., Arlington, MA 
02174. 








CB ANTENNA CATALOG 

‘‘Firestik’’ CB antennas and accessories are 
described in the company’s new product cat- 
alog. Featured is the Firestik top-loaded, 
helically wire-wound fiberglass CB antennas 
for mobile and base _ station use. Also 
included is the company’s line of antenna 
mounts. Address: ‘‘Firestik’’ Antenna Compa- 
ny, 2614 East Adams, Phoenix, AZ 85034. 


TECHNICAL HANDBOOK FOR FANS 

“The Fan Catalog” is a 92-page handbook 
(No. EF3) from IMC Magnetics describing 
over 140 types of propeller and tubeaxial 
airmovers for dc, 60-Hz, 400-Hz, and multi- 
frequency applications. Capacities range 
from 13 to 1600 cu ft/min. Complete specifi- 
cations and dimensions are provided. Ad- 
dress: IMC Marketing Div., 570 Main St., 
Westbury, NY 11590. 


HAMTRONICS KIT CATALOG 

The 24-page 1980 catalog from Hamtronics 
features a variety of kits for the radio ama- 
teur or radio service shop person. Included 
are a 435-MHz transmitting converter, a uhf 
FM receiver, an AM receiver for aircraft and 
DX warning, a weather tone alert receiver 
module, and various linear amplifiers for vhf 
and uhf. Address: Hamtronics, Inc., 65F Moul 
Rd., Hilton, NY 14468. 


CAR SPEAKER SYSTEMS 

A new booklet published by Audiovox, ‘‘The 
Dynamics of Speaker Placement in an Auto- 
mobile,’”’ describes the differences in sound 
effects which can be obtained by placing 


| speakers in different locations; the matching 


of speakers to the rest of the system; and 
how to get optimum sound from car stereo. 
Address: Audiovox Corp., 150 Marcus Blvd., 
Hauppauge, NY 11787. 


DATA COMMUNICATIONS CALENDAR 

The 1980 ‘Sherry Says’’ Data Communica- 
tion Calendar provides pertinent information 
in the data communications field—major 
trade shows and conferences and historical 
events. The calendar is designed to be hung 
on the wall, and there is space in the squares 
to write in daily schedule. Address: Corpo- 
rate Relations Dept. Racal-Milgo, Inc., 8600 
N.W. 41st St., Miami, FL 33166. 


POPULAR ELECTRONICS 
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WHAT YOU’ VE BEEN 


MISSING! 


Listen with a Honeybox™ omnisonic imager, 
a quantum leap forward in stereo reproduction! 


OMNISONIC IMAGERY’ IS HERE! 

Our innovative state -of -the -art electronics create 
a totally unique sound environment never before 
possible. With Honeybox’, you can now 
experience the physiological sensation of what 
PYitel fatccncoh dalccyoureliialciakicelat-Lecvel laren c-) olcexelereadcela 
— what we call omnisonic imagery’ — from just 
two speakers. Sound appears to come from many 
Yoh] coy=-m iam dale leicctaliate mec le-t- Fame (=) k-areliare melam dar 
quality of the signal source. A common reaction 
own Cole (ofe) -@r-] ole) Ui ance) me) dal-1ar-) ol-1-1.¢-1e-eay- liom Ze]! 
don’t have to sit rigidly fixed at a focal point 
between the speakers to enjoy Honeybox"! 


RETROFITS TO MOST STEREO SYSTEMS 

Any unit with a tape monitor facility (internal 
tape loop) can mate with Honeybox’. It also has 
EW oltliiciiame:) ol: murtelalicelaclelacelsm-yom cel )melelammcer1— 
Woltiar-> tie are mm e-) X-Murelalicolar- Cala 


Honeybox”™ works on any binaural source — FM, 
tapes, and records. You can record selections via 
Honeybox” and replay them on conventional 
stereo equipment also. 


Now that you’ve read all about Honeybox", don’t 
you think it’s time to hear one? If we have < 
stimulated your interest in seeking 
the finest sound reproduction in 
the purest sense, please ask 
roll axe (=t-)(-1ancolar-MIN c= 
demonstration. If you have 

Vanme (UL =4-) tLe) at-eue) mar-v-1om Con @areh yy 
the name of the dealer nearest 
you, call or write to: 


OMNISONIX,LTD 


|= Ha @ em = fo) acl ers 
Wallingford CT U.S.A. 06492 
(203) 237-4203 






Dealers — join our rapidly-growing network. Write to our Sales 


Dept. for details. Visit our booth at the June C.E.S., Chicago. 


Honeybox™, Omnisonic Imager”, Omnisonic Imagery”, and HBX™ are trademarks 
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THREE DIMENSIONS IN SOUND! 

=} cote -Tom ind aleleh me a lelal-\\1 ele) immo) cole leler-t-m-relllalomigelin 
two distinct sources. Music from the speakers 

Va ai'i-\-$r-} anol 0] a-y-] ome ol) a ettey-j are) mien c-lit-melamm (al 
floor. The result is often ‘“‘muddiness” and loss of 
presence. Only two dimensions result — volume 
R='7-1 Late Mt} 4-1 ¢-omm-y-) of-]e-1alelae 


Stereo with Honeybox” creates omnisonic 
imagery” never before possible. Sound seems 
icomereliil-Macelapmmcal-mal-t-lar-laremt-lem lan dian see 

Str acel i ave [-mL0)0 Pur: lato mr-) 0) el-y-1e-mcomeeliil-miceluimel-lallire 
elt m-Talem of-)ro)m'celt pam Mal-M-vol fale mal-\\(-1ar--e- Meaar- Lalor 
to fall to the floor. It is so alive with movement 
that it envelopes you. Three dimensions — volume 
TSU -) MS CV Vemey=1 oy-Te-hiolamer-Jave medilaltvelalcomiuit-le(-1a ae 
are apparent with Honeybox’. 


LIFETIME WARRANTY! 

You geta lifetime warranty on the active circuitry, 
EVate Me) al-W'L:¥-]axe)ame-] i mel dal-)arerelail ovelal-laleme->cealeroliare, 
ror--1-¥- Tato mi fal=Kexe) ace) Bm el ced ule(-Yom alelal-\i2 ele ME MULy-lert-[-) 
Tayccvale(=Yo Mam bam cole mavlaMme\-1ani an Uldaur- Magee Gm dal— 
warranty is void! 












Stereo Scene 





By Harold A. Rodgers 
Executive Editor 


AMPLIFIER TECHNOLOGY, DISTORTION, ETC. 


ARELY WILL one find an audible differ- 

ence in the performance of two neighbor- 
ing receivers in a line. This applies with par- 
ticular force to the power amplifier sections. 
The reasons why the foregoing is true 
depend on the two fundamental properties of 
amplifiers: power output and distortion. A 
higher-powered amplifier is worthwhile only 
by virtue of the fact that it allows music to be 
played louder without the peaks being clip- 
ped. In typical use, an amplifier—even when 
driving fairly inefficient speakers—will loaf 
along at an average power of 1 watt or less. 
Every now and then, at intervals of a few 
hundred milliseconds or so, a peak 10 to 20 
dB above the average level comes along. To 
reproduce this properly—that is without limit- 
ing and cutting off the top of the waveform— 
the amplifier must increase its output for an 
instant by a factor of 10 to 100. Although the 
intervals during which these demands are 
made are very short, the ability of the ampli- 
fier to satisfy them makes all the difference. 
Most of the nasty sound that an overdriven 
amplifier produces is from just such clipping 
of peaks. 

Now let’s look at a hypothetical (but repre- 
sentative) line of receivers. Typically, their 
rated output power might be spaced at 
something like 25, 40, 60, and 90 watts as 
we move up in single steps, and very often 
we would find the spacing even closer. Next, 
let's change these absolute powers into 


Masking effect of 

a 400-Hz tone at various 
levels. The traces 
indicate how much the 
audibility threshold is 
raised at other 
Frequencies when the 
400-Hz tone is present. 


THRESHOLD SHIFT (dB) 
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decibels—which give a more accurate 
reflection of auditory effect—using, for con- 
venience, the lowest-powered model as the 
zero reference. The figures become O, 2, 3.8, 
and 5.6 dB. Granted, the power an amplifier 
can deliver in handling a short peak is consid- 
erably more than its steady-state rating. In 
units of similar design, however, the extra 
power generally turns out to be a constant 
percentage of the steady-state ratings, so 
the difference remains the same when it is 
expressed in decibels. 

It has been rather solidly established that 
even the most astute listener will not notice 
level differences in music unless they exceed 
3 dB. (Designers of stepped audio attenua- 
tors implicitly endorse this view, as such 
devices rarely have steps smaller than 2 dB 
between adjacent positions, the control at 
this point being in effect continuous.) There- 
fore, it follows that, if we play the same music 
on any adjacent pair in our hypothetical line 
of receivers at a level just below ‘clipping, 
there will be no perceptible difference in loud- 
ness. In fact, even if one skips a receiver in 
the series and listens very carefully, the dif- 
ference will usually be very slight. There are 
other factors such as convenience features, 
a better FM section, or more elaborate tone 
controls that might make a _ single step 
upward worth taking. But as far as power 
goes, the message is clear: take big jumps or 
stay where you are. 








1000 2000 
FREQUENCY IN HERTZ 





What About Distortion? Although a few 
receiver manufacturers make a point of hav- 
ing identical distortion ratings for the power- 
amplifier sections throughout the line, most 
give reduced percentages at higher price 
points. Unfortunately, there is no real ground 
for considering these reductions significant in 
audible terms. As a matter of fact, it is ques- 
tionable whether any distortion specifications 
in today’s component amplifiers.are audibly 
meaningful. 

First, we can establish fairly easily that 
small changes in distortion can be ignored 
completely. We already illustrated that 
changes in level of a desired signal are 
inconsequential if they are smaller than about 
3 dB. Obviously, the same principle applies 
to distortion. Therefore, given a unit rated at, 
say, 0.1%, its competitor would have to be 
rated at 0.07% (3 dB lower) before it could 
possibly sound any better. (Distortion per- 
centages are, for some reason, calculated on 
the basis of voltage, not power.) And remem- 
ber, by ignoring the presence of the test 
signal, we are being very pessimistic. 


The Role of Masking. The presence of the 
fundamental (the tone being distorted, so to 
speak) makes any harmonic distortion prod- 
ucts even less audible. As shown in the 
graph,the presence of a 400-Hz tone at a 
level 80 dB above its own audibility threshold 
raises the audibility threshold for a 4000-Hz 
tone (its 70th harmonic) by 20 dB. This is a 
factor of 100. Studies done directly on the 
audibility of distortion by Robert Carver and 
others showed that, under the most severe 
conditions—broad spectrum crossover dis- 
tortion and pure tones, the threshold of audi- 
bility for distortion was around 0.15%, a level 
considered almost gross by today’s stan- 
dards. When music is used as a test signal, 
audibility thresholds consistently rise to 
something on the order of several percent. 

Intermodulation distortion represents what, 
superficially at least, looks like a more diffi- 
cult challenge. It can, after all, produce spu- 
rious tones that are lower in frequency than 
the lowest tone present in the test signal. 
Consequently, it’s more difficult to mask. For 
practical purposes, however, it should be 
remembered that such tones, if produced by 
musical fundamentals, will tend to lie in a 
range where the ear is not terribly sensitive. 
The same applies to transient intermodula- 
tion distortion (TIM), which the work of Walter 
Jung and others suggests can be detected in 
steady-state tests if proper methods are 
used. A better name for the phenomenon 
might be high-frequency distortion. In any 
case, it is well to remember that distortion- 
audibility studies using music include the 
effects of harmonic, intermodulation, and—if 
they truly exist—transient distortions. There 
is no practical way to separate them. 

| had hoped at one point to look for ways in 
which amplifier distortion might be weighted 
for audibility. On the basis of the admittedly 
limited research that | did, that step seems 
quite unnecessary. What sense can it make 
to rate the relative audibility of influences that 
are inaudible in the meanest of present-day 
component amplifiers? 


Do Amplifiers All Sound Alike? Not nec- 
essarily. They still differ in how much power 
they can deliver before overload, in internally 
generated noise, and in ability to tolerate 

(Continued on page 20) 





JBL’s new L150 takes you 
deeper into the low frequencies 
of music without taking you 
deeper into your budget. 

This short-tower, floor- 
standing loudspeaker system 
produces bass with depth, 
power and transparency that 
comes incredibly close to a 
thom outounerieecr 

A com- 
pletely new 12” 
driver was created 
for the L150. It has 
an innovative 
magnetic assembly, 
the result of years of 
research at JBL. It 
uses a stiff, heavy cone 
that’s been coated with an 
exclusive damping formu- 
Fete Coyeus Coyameyolabeniereemeeratss 
and density. 

And it has an 
unusually large 3” 
voice coil, which aids 
the L150’s efficiency 
and its ability to 
respond to transients 









JBLS NEW L150: 
ITS BOTTOM PUTS IT ON TOP. 


(peaks, climaxes 
and sudden 
spurts) in music. 
There’s even 
more to the L150’s 
bottom—a 12” 
passive radiator. It 
looks like a driver 
but it’s not. We use 
it to replace a large 
volume of air and 
contribute to the produc- 
tion of true, deep bass. Bass 
without boom. 

If you're impressed with the 
L150’s lows, you'll be equally 
impressed with its highs and mids. 
Its powerful 1” high-frequency 
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dome radiator provides wide disper- 
Soyeme ovuelerea eCoelenlecme-bercxommavelem- nom 
midrange transducer handles high 
volume levels without distorting. 
The maximum power recom- 
mended is 300 watts per channel. 

The L150’s other attributes 
include typical JBL accuracy —the 
kind that recording professionals 
rely on. Maximum power/flat 
frequency response. High effi- 
ciency. And extraordinary time/ 
phase accuracy. 

Before you believe that you 
can’t afford a floor system, listen to 
an L150. While its bottom is tops, 
its price isn’t. 

James B. Lansing Sound, 

Inc., 8500 Balboa Boulevard, 


Wroyuaatecerexen 
UBL 


CA 91329. 
WITH THE 
PROS. 


FIRST 
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NRI training inTV 


and Audio Servicing 


keeps up with the 
state of the art. 


Now you can learn to 
service video cassette 


and disc systems. 
































You build color TV, hi-fi, professional instruments. 

















Now, in addition to learning 
color TV and audio systems servicing, 
you get state-of-the-art lessons in 
maintaining and repairing video cas- 
sette recorders, and the amazing new 
video disc players, both mechanical 
and laser-beam types. 


Learn at Home 
in Your Spare Time 

And you learn right at home, 
at your own convenience, with- 
out quitting your job or going to 
night school. NRI “bite-size” les- 
sons make learning easier... NRI 
“hands-on” training gives you 
practical bench experience as you 
progress. You not only get theory, you 
actually build and test electronic cir- 
cuits, a complete audio system, even 
a color TV. 


Build Color TV with 
Computer Programming 
As part of your training in 
NRI’s Master Course in TV/Audio/ 
Video Systems Servicing, you 
actually assemble and keep NRI’s 


Learn at home at your convenience. 
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exclusive designed-for-learning 25” 


(diagonal) color TV. It’s the only 

one that comes complete with built- 
in computer tuning that lets you 
program an entire evening’s enter- 
tainment. As you build it, you intro- 
duce and correct electronic faults, 
study circuit operation, get practical 
bench experience that gives you extra 
confidence. 

You also construct a solid-state 
stereo tuner and amplifier complete 
with speakers. You even assemble pro- 
fessional-grade test instruments so 
you know what makes them tick, too. 
Then you use them in your course, 
keep them for actual TV and audio 
servicing work. 


NRI Includes 

the Instruments You Need 

You start by building a transis- 
torized volt-ohm meter which you use 
for basic training in electronic theory. 
Then you assemble a digital CMOS 
frequency counter for use with lessons 
in analog and digital circuitry, FM 
principles. You also get an integrated 
circuit TV pattern generator, and an 
advanced design solid-state 5” trig- 
gered-sweep oscilloscope. Use them for 
learning, then use them for earning. 


NRI Training Works... 
Choice of the Pros 


More than 60 years and a 
million students later, NRI is still first 
choice in home study schools. A na- 
tional survey of successful TV repair- 
men shows that more than half have 
had home study training, and among 
them, it’s NRI 3 to 1 over any other 
school. 






(Summary of survey on request.) 
That’s because you can’t beat 
the training and you can’t beat the 
value! For hundreds of dollars less 
than competing schools, NRI gives you 
_ both color TV and audio... 





Other NRI training includes Computer Technology, 
Complete Communications Electronics. 


and now includes training in video 
cassette and disc systems. Send for 
our free catalog and see for yourself 
why NRI works for you. 


Free Catalog... 
No Salesman Will Call 


Send today for our free 100- 
page catalog which shows all the kits 
and equipment, complete lesson plans, 
and convenient time payment plans 
for courses to fit your needs and 
budget. Or explore the opportunities 
in other NRI home study courses like 
Microcomputers & Microprocessors, 
CB and Mobile Radio, Aircraft and 
Marine Radio or Complete Communi- 
cations. Send the postage-paid card 
today and get a head start on the state 
of the art. If card has been removed, 
write to: 


NRI Schools 
McGraw-Hill Continuing 
Education Center 

3939 Wisconsin Ave. 
Washington, D.C. 20016 





STEREO SCENE continued 
loads of very low impedance and/or highly 
reactive character without overloading or 
becoming unstable. The last point is just now 
beginning to get the attention it deserves. 
Other points of difference include: rugged- 
ness, quality of construction and parts selec- 
tion, and the ability of automatic protection 
systems to operate without objectionable a 
effects on sound quality. Designing in such 
characteristics can generate expenses that 
appreciably affect the price of the product. 
As for distortion, the next time someone 
tries to frighten or cajole you into considering a 2 ‘ 
it as a selling point, tell him you’d rather know Audiophile Recordings 
how the moon’s gravity affects the power- 
transformer windings. That probably makes 
more difference. © 
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$4.75. 
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Strips with 2 or 3 con- 
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$2.00. 


A P Terminal and Distribution Strips 
your basic breadboarding building blocks. 


Now you can put together as conn with ay solid wire up 
simple or complex a bread- to No. 20 AWG. No special 
board as you want—and be patch cords required. 
sure of fop quality all the way. Sspring-clip terminals are non- 
. A P Terminal aod Ptbltets tgs pei ‘oa ee cor 

rips give you the world’s easi- act, time after time. Moun 
est way to assemble full-perform- permanently with integral non- 
ance solderless breadboards of shorting instant backing or with 
any size or shape. screws (supplied). 

Our versastile modules come Where to buy? Phone (toll- 
in 14 configurations, all with free) 800-321-9668 for the name 
universal .1°x.4” matrix. They of your local A P distributor. And 
accept all components with ask for our complete A P cata- 
leads up to .032” diameter, log, The Faster and Easier Book. 
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AP PRODUCTS 


INCORPORATED 
1359 W. Jackson St. 

Painesville, Ohio 44077 

Tel. 216/354-2101 

TWX: 810-425-2250 
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AsBeY Road, The Beatles. Mobile Fidelity 
MFSL 1-023. Like others in the MFSL Super- 
disc series, this is a re-release, but with a 
difference. The original master tape is used, 
and the new master disc is cut at half speed. 
To top it all off, disc manufacture is very 
careful. In this case, the result is a superior 
rendition of a classic. The new production 
gives a clear insight into the antediluvian mix- 
ing techniques available to the Beatles and, 
also, into how artistically they used what they 
had. (Bach got by with some pretty crude 
instruments, too.) Curiously, the vocal is less 
prominent than | remember its being in the 
Original production, an effect | noticed on 
some other Mobile Fidelity discs. Here, that 
characteristic is especially welcome, as 
there is a lot of fascinating instrumental. 


SONIC FiREwoRKS: Music FOR ORGAN, BRASS, AND 
PERCUSSION, VOLS |, l, Richard Morris with the 
Atlanta Brass Ensemble. Crystal Clear 
CCS-7010, 7011. This is a direct-mastered 
production with a big sound. What seems 
quite unusual about it is that the massiveness 
and opacity often found in recordings of 
large, loud ensembles is absent here. Details 
Stand out nicely in even the most heavily 
scored passages. The playing sounds accu- 
rate and spirited, and generally brings the 
music off well. What seems a bit unfortunate, 
though, is that most of the works presented 
are transcriptions. Some were originally for 
neither organ nor brass, and in the rest one or 
the other seems grafted on as an after- 
thought. Surely music composed for organ 
and brass is not as hard to find as all that. 


Don SEBESKY: THREE WorKS FOR JAzz SOLOISTS 
AND SYMPHONY ORCHESTRA, Harry Rabinowitz, 
with the Royal Philharmonic Orchestra and 
soloists. Gryphon G-2-791. Attempts to fuse 
jazz and symphonic music into a single 
medium have always been a bit problematic. 
Somehow the two seem to conflict, each 
getting in the way of the other. Most of the 
successful works using such combinations 
belong properly in one genre or the other: 
jazz borrowing from symphonic or vice versa. 
While Sebesky’s shows quite a lot of imagi- 
nativeness in his approach and generates 
many delightful minutes of listening, the junc- 
tions between music a la Bartok and jazz and 
music a la Stravinsky and jazz don’t seem to 
work. The transition sounds nonorganic and 
sometimes almost arbitrary. Most success- 
ful, | think is Sebastian’s Theme, which 
comes off as a kind of jazz meditation on 
material from J. S. Bach. Interestingly, this is 
the least symphonic-sounding of the three 
works presented. The recording quality is 
first-rate, with a nice sense of perspective 
and depth. 


THE BeeGees Music Carmen Dragon conduct- 
ing the Glendale Symphony Orchestra. 
Orinda ORCS500. This is a pleasant bit of 
lightweight fluff, prepared with the utmost in 
professionality and very neatly recorded via 
a digital process. It embraces a bit of disco, 
a bit of rock, a bit of MOR—all with the rough 
edges polished away by lush orchestral 
arrangements. ‘‘Exciting’’ does not seem like 
the word to describe this release. ‘‘Entertain- 
ing’ is more like it. 
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There are a lot of turntables you can buy for theturntable. Which means you can shake, rattle 
less than $200. Many of them are fully-auto- and roll alot more with a lot less worry that your 
matic. Some of them have Quartz Reference Sys- turntable is doing the same thing. 
tems. Others feature sophisticated suspension The PL-400 also has the world's thinnest 
systems. Or have specially-designed motors to direct drive motor. This ultra-thin motor does a 
make sure the. sound of your turntable doesn't lot more than give the PL-400 an ultra-sleek 
interfere with the sound of music. — appearance. It keeps the turntable platter per- 

But at Pioneer, we believe, that if you’re go- fectly steady at all times. Though platter wob- 
ing to pay $200 for a turntable, you shouldn't _ bling isnt a problem that can be easily seen on 
just get one of these features. You should get all most turntables, it can be easily heard. It results 
of them. in shifts of musical pitch. ; 

While other turntables Something the PL-400 is jaa | 
with some of these ad- never bothered with. — 

ane F vancements may look the What's more, the PL- 
PIONEERS SOPHISTICATED Same as the PL-400 on pa- 400 also has Quartz con- ' 
SUSPENSION SYSTEM per, they don't sound atall tol like that found in the. . HewoR eek 





ELIMINATES SHAKE, RATTLE : ; ; f 
AND-ROLL. alike in your home. Be- finest Swiss watches. ELIMINATES PLATTER WOBBLE. 
cause all these advancements act together to Which means you're guaranteed to get the maxi- 


keep an imperfect environment, like mum in rotational accuracy. 
your home, from getting in the way of So if you want a turntable that 
perfect sound. sounds great, there’s any number you 
In your home, simply slamming a_ | can buy. But if you also want the price to 
door can be more jarring to your turn- @ } sound great, there's only one. 
table than it is to you. Sez. FF The fully- 
Pioneer's PL-400 has a SOPNiISti- veers QUARTZ REFERENCE CULOMALIC ©) PIONEER’ 
cated suspension system that isolates “systemror accuracy KE Pioneer PL-400. We bring it back alive. 


T JND IN THE FINEST 
the platter and tone arm from the rest of bs al coer WATCHES. ©1980 U.S. Pioneer Electronics Corp., 85 Oxford Drive, Moonachie, N.J. 07074. 


PIONEER'S PL-400. 
THE ONLY FULLY 







ie a I 





AUTOMATIC QUARTZ-CONTROLLED TURNTABLE FOR ‘199. 


* Manufacturer's suggested retail price. Actual prices established’by dealers. 
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Dual Model CS606 direct-drive 


single-play turntable with 
Ultra Low Mass tonearm 





: The new Dual 
CS606 is a direct- 
rive, single-play 
turntable with auto- 
/matic shut-down at 
he end of a record. 
It features Dual’s ULM (Ultra Low Mass) 
tonearm, whose exceptionally low 5.5- 
gram mass can be complemented by an 
optional Dual/Ortofon ULM55E cartridge. 
The combined effective mass of the two is 
8 grams, a new low for an integrated 
record player system. Any cartridges 
weighing between 2 and 9 grams and hav- 
ing standard 1/2-inch mounting centers can 
be installed in the ULM arm. An additional 
feature of the CS606’s tonearm is its tuned 
counterweight, which can be adjusted to 
damp (at least partially) the low-frequency 
resonance of any cartridge used in the 
ULM arm. 

Springs support the unit on its plastic 
base, the sides of which are finished in a 
simulated wood grain. The hinged plastic 
dust cover is easily removable. Total 
weight of the Dual CS606 is 141/4 Ib (6.6 
kg). With the cover lowered, it measures 
16 94" W X 1412" D X 5 34" H (421 X 
368 X 146 mm). Suggested retail price 
less cartridge is $279.95. With the Dual/ 
Ortofon ULMS55E cartridge, it is $390. 









General Description. The platter has 
four rows of stroboscope dots cast into its 
rim for the 333- and 45-rpm speeds with 
power-line frequencies of 50 or 60 Hz. 
They are lit by an LED mounted next to the 
outer edge of the platter. A small knob 
near the platter selects the operating 
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speed, and another provides a vernier 
pitch control. : 

To start the platter rotating, it is only 
necessary to move the tonearm from its 
rest. With the cuing lever in its ‘‘up’’ posi- 
tion, the arm can be moved horizontally 
until a light detent is felt at the lead-in 
diameter for a 12-inch record (a second 
detent marks the set-down point for a 7- 
inch record). The cuing action lowers the 
tonearm gently. A knob near the cuing lev- 
er disables the arm detents. Lifting the arm 
and returning it to its rest during play shuts 
off the motor; arm return and shutoff are 
automatic at the end of a record. 

The straight ULM tonearm is con- 
structed of small-diameter tubing and has 
a headshell designed for minimum mass. 
As the headshell is not detachable, the 
tonearm wiring must be connected to the 
cartridge pins before it is mounted in the 
arm. The counterweight has a scale 
around its circumference calibrated from 7 
to 14 (apparently the resonant frequency 
of the internally suspended mass whose 
position is shifted within the counterweight 
as its main body is rotated). The instruc- 
tion booklet includes a chart on which the 
mass and compliance of any cartridge to 
be used in the ULM arm can be located. 
From that information, one can determine 
the setting of the antiresonance filter that 
best cancels the increase in output that 
occurs at the resonant frequency of the 
stylus system and the effective mass of 
the arm and cartridge. 

The gimbal arm mount has’ been 
retained from earlier Dual turntables, along 
with a side-mounted control that applies 


vertical tracking force by means of a 
spring around the vertical pivot axis. The 
force scale is calibrated at 0.1 gram inter- 
vals from 1.5 to 3 grams. Antiskating with 
separate scales for conical and elliptical 
Styli is provided. 


Test Results. We tested the CS606 with 
the ULM55E cartridge, which is designed 
to give its flattest frequency response 
when loaded by about 400 picofarads 
across the standard 47,000-ohm termina- 
tion (this information is not stated any- 
where in the instruction manual or the 
descriptive material on the cartridge). The 
CS606 tonearm and cable wiring had a 
Capacitance of about 185 picofarads 
between each signal line and ground, so 
that preamp input capacitance of 200 to 
250 pF should provide an optimum load for 
the cartridge. That is a fairly common input 
Capacitance for phono circuits, although 
values range from less than 10 to more 
than 500 pF. 

With the tonearm carefully balanced 
according to instructions, tracking force 
was within 0.1 gram of the indicated value. 
Tracking error was less than 0.5 degree 
per inch over the playing surface of a 12- 
inch record. The total effective mass of the 
arm and cartridge was only 7.5 grams, and 
the low-frequency resonance was at ap- 
proximately 13 Hz. Due to the broad toler- 
ances in the measurement, the differences 
between this and the manufacturer’s data 
cannot be deemed significant. 

The counterweight’s antiresonator had 
a moderate effect on the playback output 
in the vicinity of resonance. In fact, when 
the antiresonant counterweight was set to 
11.5 (the recommended point for this car- 
tridge), it nulled the resonant peak almost 
completely, but narrowness of the notch 
left an appreciable rise in output above 
and below resonance. Measurements of 
the low-frequency response, made with 
the antiresonator sét to its limits as well as 
as to the recommended value showed a 
typical ouput rise of 6 to 8 GB in the range 
of 11 to 14 Hz, remaining measurable as 
high as 25 Hz. In each case, however, the 
recommended setting gave the maximum 
reduction of output rise at the exact reso- 
nant frequency. 

To check the Dual ULM arm with a car- 
tridge more massive than the ULM55E, but 
highly compliant, we installed a Stanton 
881S. This was complicated by the fact 
that the connecting clips on the tonearm 
wires were too small for the pins on the 
8815S. As they could not readily be unsol- 
dered, we soldered larger clips to the ori- 
ginal ones. It was also necessary to use 
one of the two additional counterweights 
that screw onto the rear of the regular one 
to balance the 5.7-gram mass of the 881S. 

Low-frequency resonance measure- 
ments with the Denon 7001-A test record 
showed a resonant frequency near 10 Hz 


POPULAR ELECTRONICS 


» Sharper Image 


Introducing Casio's newest, 
the C-80 Calculator Chrono- 
graph. A watch that figures to 
replace a lot of other watches. 
And calculators. And stopwatches. 


In fact, it even replaces the age-old 
myth that a timepiece loaded with talent 


has to be expensive. 
The Casio C-80 is priced at 
only $75. 


K calculator made for real fingers. 


Here's the first calculator 
chronograph that can be operated 
easily with your fingertips. No need 
to use a stylus or pen; the keys are 
far enough apart that even the 
broadest fingers can work them. 

Now you can add, subtract, 
multiply, divide—perform chain 
calculations up to six places, plus 
decimal. Numbers appear in crisp 
liguid crystal digits. There's even 
an indicator that tells you exactly 
which function is being performed. 


Stopwatch, 2 time zones— 
and more. 

The push of a button turns 
your calculator into a fiercely 
talented stopwatch. You get oo of 
a second accuracy, lap times, and 
up to 59.59 minutes of track- style 

timekeeping. Timing automatically 
starts over after the hour. 

You also get two time zones; 
the second zone can be set for 12 


or 24-hour time (especially useful for 
frequent travelers). Hours, minutes and 


seconds are displayed with reliable 


+15 second-a-month guartz precision. 


AM/PM indicator is always visible. 


Press another button, day of the 


APRIL 1980 








Normal Time Arisa hrs./ 
mins./secs day 
and 2 time zones. 





Stopwatch Display; 4/400 
sec. 
at 4 hr. Lap times. 





Calculator yt tage add, 


subtract, m 
to 6 places ages “ap! decimal. 





Calendar Display; day/ 
date. Auto pel) of on 
adjustment. 


THE WATCH THAT REPLACES | 


VERY THIN 


week and date appear. And another for 
built-in night light. 
Feather-light, yet rugged. 

The 1% oz. case and band are con- 
structed of high impact black plastic. And 
so lightweight and comfortable, you may 
not realize that on your wrist you're 
wearing—among other things—a 
clever calculator. 

Other companies have 
tried introducing similar 
watches, only using bulky 
stainless steel. These steel 


Su Mo Tu We TH FR SA 


timing. Auto sfart-over 


ly, divide— 


Su Mo Tu We TH FR SA 


month 





versions sacrifice the comfort, Rohiness, 
and handsome appearance provided by 
the latest advanced plastics. 

What's more, this Casio chronograph 
is built incredibly rugged to provide years 
of reliable service. There are no 











mechanical parts to wear out or 
break. A tough mineral glass 
crystal prevents scratching. And 
the tightly fitted case and crystal 
provide water resistance for every- 

day use. 

Reserve yours now. 

You might wonder why you haven't 
seen this superb chronograph in the 
stores. The fact is, it isn't going to be in 
any stores—not for a while. 

However, beginning late March 
1980, The Sharper Image will be the 
first people anywhere to take delivery 
on these exciting Casios. And you can 
reserve yours now. But please order 
immediately to be assured of earliest 
delivery (late March or April). As quan- 
tity is limited, orders will be handled on a 
first come, first served basis. 

And as always, The Sharper Image 
guarantees your satisfaction. If not 
delighted with your new Casio, simply 
return it within two weeks for a full and 
courteous refund. One-year manufac- 
turer's warranty and 15-month (normal 
use) battery included. 





ORDER NOW TOLL-FREE 






Please order product #134. 
Credit card holders may use our toll- 
free number below. Or send check for 
$75 plus $2.50 delivery. Add $4.50 
sales tax in California. 


800 227-3436 
In California 800 622-0733 


260 California St., Dept. BJ- 049 
San Francisco, CA 94111 


(415) 788-8880 : 
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RESPONSE IN dB 
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FREQUENCY (Hz) 


Frequency response and crosstalk for left and right channels. 


with the 881S. Since the setting of the 
antiresonator on the counterweight had an 
appreciable effect on the apparent reso- 
nant frequency, the figures are somewhat 
in doubt for both cartridges. Some of the 
antiresonator settings gave a peak around 
8 to 9 Hz on the left channel, while the right 
channel seemed to peak at about 10 Hz. 
The Shure Audio Obstacle Course-ERA IV 
low-frequency resonance test gave similar 
indications. Maximum arm movement oc- 
curred from 8 to 10 Hz depending on the 
antiresonator setting. The antiresonator 
performed dramatically with this record, a 
setting of 11 giving best all-around stabili- 
around stabilization of the arm. 

Turntable flutter was +0.06% weighted 
peak (CCIR) and 0.05% weighted rms 
(JIS), with 5 and 20 Hz dominating the 
spectrum. Unweighted rumble was —31 
dB, measuring a good —60 aB with ARLL 
weighting. Maximum rumble energy was at 
about 7 or 8 Hz. Speed could be adjusted 
over a range of + 4.5% to —6% with the 
vernier knob. The instruction manual says 
that there are separate pitch controls for 
each speed, but this appears to be an 
error. There is only one control and slight 
re-adjustment may be needed when 
changing speeds. On our test unit, howev- 
er, the two speeds were very close to 
correct at the same setting. 

The cuing device worked very smoothly, 
with negligible outward drift of the tonearm 
during descent— even with the antiskating 
at 2.5. End-of-play sequence took only 3.3 



































FREQUENCY IN CYCLES PER SECOND 


High-end frequency response 
with CS606 cable capacitance 
(190 pF) and with 425 pF. 


3.3 seconds from automatic arm lift to 
motor shut-off. 

We also took data on the ULM55E car- 
tridge, which, in addition to its very low 
mass, behaved very well when operated 
near the upper end of its rated tracking 
force range. At 1.5 and 1.75 grams, the 
tracking limits were respectively 60 and 70 
micrometers on the German Hi Fi Institute 
test record. This fell to oniy 40 micromet- 
ers at 1 gram. Tracking distortion with 





Optional Dual/Ortofon ULM55E cartridge. 


Shure TTR102 and 103 records was rela- 
tively low, with no evidence of serious mis- 
tracking even at the highest levels. At a 
1.5-gram force, the cartridge could track 
everything on the Shure ERA Ill record, 
although a touch of strain was evident on 
level 5 of the sibilance section. The more 
stringent ERA IV record caused audible 
mistracking on level 5 of most sections; 
level 4 usually played without difficulty. 
The stylus vertical angle was 24 
degrees. Square-wave response on the 
1000-Hz square waves of the CBS 
STR112 record was very clean, with a 
Slight overshoot and a couple of cycles of 
well-damped ringing at about 20,000 Hz. 
Frequency response (with the CBS 
STR 100 record) was very flat up to 10,000 
Hz and rose to about +3 dB at 20,000 Hz, 
when the cartridge was terminated by the 
CS606 cable capacitance (about 190 
picofarads) and a 47,000-ohm resistance. 
A total of about 425 picofarads flattened 
out the high end very nicely, resulting in a 
response flat within +1 dB from 40 to 


its concept, construction, and ease of use. 





20,000 Hz. Channel separation was about 
20 dB in the midrange, 25 dB at 10,000 Hz, 
and 12 dB at 20,000 Hz. 


User Comment. The general handling 
characteristics of the Dual CS606 were 
excellent. For practical purposes, it can be 
considered as a “‘smart”’ player and easy 
to use because of its record diameter 
indexing feature and automatic shutoff. 

The tonearm and pickup system give 
the CS606 the ability to play warped 
records that are completely unusable on 
conventional record players. Even a se- 
vere warp that would normally throw the 
pickup into the air will usually give no more 
than a slight ‘‘thump’”’ when it is played, 
and most warps are undetectable by 
ear.Some, though not all, of these benefits 
are retained even when pickups other than 
the ULM55E are used. : | 

The compliant spring mounting of the 
record player on its base gives it relatively | 
good immunity to base-conducted vibra- 
tion that could cause acoustic feedback. 
Except for a single transmission response 
at about 35 Hz, the CS606 had almost no 
resonances in the audio range when driven 
through its mounting feet. We consider its 
isolation somewhat better than average 
for a direct-drive turntable. 










We found the stroboscope illumination 
system less than helpful in viewing the 
60-Hz 33'3-rpm marks. Fluorescent room 
lighting was better for setting this speed. 

Because of the design of the ULM arm, 
anyone who habitually switches cartridges 
will find the CS606 more than a little frus- 
trating. The fact that the signal cables are 
color-coded grey and brown with no chan- 
nel identification doesn’t help, and the con- 
nectors are too small for the pins on many 
cartridges. On the other hand, the 
ULMS55E cartridge offers good value in its 
price range and is an excellent companion. 
to the ULM tonearm. It comes properly 
installed and positioned when ordered with 
the CS606. 

In short, the Dual CS606 is first-rate in 


With its companion pickup, it offers superb 
warp-tracking Capabilities. To provide that, 
along with fine overall performance, con- 
venient operation, and a good price is, in 
our mind, an impressive achievement. 
CIRCLE NO. 101 ON FREE INFORMATION CARD 
(MORE HIRSCH REPORTS ON PAGE 31) 
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DIGITAL 


WILL BE 


CHECK THESE FEATURES 


e 29 Ranges 

e ImV to 1000VDC 
e ImV to 750VAC 

¢ .001 to 2000mADC 
¢ .001 to 2000mAAC 
¢ lohm to 20Mohms 


¢ 300VAC protection in ohms 
and audio 


¢ Automatic polarity 

e 200 hours battery life 

¢ 10% “lo-batt” indication 
e 31 digit LCD .5” display 


¢ 1,10,100mV and 1, 2V. 
threshold pulse detect® 


e 1, 10, 100 Ohm threshold 
continuity testing 


e Diode tests * 
e Transistor tests * 

© Capacitor tests * 

e Stuffed PCB tests* 

e RFI shielded 

¢ X5 analcg VOM accuracy 
© Self Calibration 

* Overrange indication 


e Rugged case. Built-in stand. 


DENOTES AUDIO RESPONSE MruncTION 


FULL LINE OF ACCESSORIES 


AC Clamp-on Probe... .$57.75 
Battery Eliminator....... 15.00 
Light Meter attachment. . 262.00 
Temperature Probe. (avail. soon) 






“ROADRUNNER apmum* 


ARE YOU CONFUSED BY ALL THOSE HAND-HELD 


PRICE AGAINST FUNCTIONAL FLEXIBILITY AND YOU 


Audio Digital Multimeter 


FROM WESTON 


MULTI-METERS ON THE MARKET? COMPARE 


CONVINCED THAT THE WESTON MODEL 6100 





ROADRUNNER IS YOUR BEST BUY! 


DATA PRECISION 


935 
SABTRONICS 


2037 
BECKMAN 


3010 


DC VOLTS 

AC VOLTS 

DC CURRENT 
AC CURRENT 
RESISTANCE 
CONDUCTANCE 
DIODE TEST 
LOGIC LEVEL 
CAPACITANCE 
CONTINUITY 
TOTAL FUNCTIONS 
PRICE (S$) 


>PrUTDVVCOCND 


{A) Denotes AUDIBLE function (D) Denotes DISPLAY function 


INSTRUMENTATION, INC. 
1554 ELMIRA, AURORA, COLORADO 80010 


RP (303) 340-8728 364-8325 


CALL COLLECT BUY NOW 


Carrying case. es: $15.00 
ake ye Z=—= SPECIALIZING IN DIGITAL & ANALOG 


VHF RF Probe.......... 63.00 METERS AND MULTIMETERS 


HY Preb]e: 3s. SAS ees 38.75 
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FROM WESTON 


AUDIO RESPONSE” 
PLUS DIGITAL DISPLAY 


0 5 RANGE AUDIBLE SIGNALING FUNCTION 
O RUGGED FIELD SERVICE DESIGN | 
0 0.5”LCD DISPLAY 

0 6 FUNCTIONS 

0 29 RANGES 


WESTON INSTRUMENTS 


THE MEASUREMENT PEOPLE®© 
614 Frelinghuysen Ave., 
Newark, NJ 07114 


SANGAMO WESTON 


Schlumberger 
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“Lf youre going tolearn 
electronics, you might 
as well learn it neht!” 





“Dont settle for less. 
Especially when it comes 
to career training. ..because 
everything else in your life 
may depend on tt. That’s 
why you ought to pick CIE!” 
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Youre probably seen ad- 
vertisements from other 
electronics schools. Maybe you 
think they’re all the same. 
They’re not? 

CIE is the largest indepen- 
dent home study school in the 
world that specializes exclu- 
sively in electronics. 


Meet the Electronics 
Specialists. 

When you pick an electronics 
school, you’re getting ready to invest 
some time and money. And your 
whole future depends on the educa- 
tion you get in return. 

That’s why it makes so much 
sense to go with number one... with 
the specialists. ..with CIE! 


There’s no such thing as 
bargain education. 


If you talked with some of our 
graduates, chances are you'd find a 
lot of them shopped around for their 
training. Not for the lowest priced 
but for the best. They pretty much 
knew what was available when they 
picked CIE as number one. 

We don’t promise you the moon. 
We do promise you a proven way to 
build valuable career skills. The CIE 
faculty and staff are dedicated to 
that. When you graduate, your di- 
ploma shows employers you know 
what you’re about. Today, it’s pretty 
hard to put a price on that. 


Because we're special- 
ists, we have to stay 
ahead. 


At CIE, we’ve got a position of 
leadership to maintain. Here are 
some of the ways we hang onto it... 


Our step-by-step learning 


ineludes “hands-on” 
training. | 


At CIE, we believe theory is 
important. And our famous 
Auto-Programmed® Lessons teach 
you the principles in logical steps. 

But professionals need more 
than theory. That’s why some of our 
- courses train you to use tools of the 
trade like a 5 MHz triggered-sweep, 
solid-state oscilloscope you build 
yourself—and use to practice trouble- 
shooting. Or a Digital Learning 


Laboratory to apply the digital theory 
essential to keep pace with electronics 


in the eighties. 
Our specialists offer you 
personal attention. 
Sometimes, you may even have 
a question about a specific lesson. 
Fine. Write it down and mail it in. 
Our experts will answer you 
promptly in writing. You may even 
get the specialized knowledge of all 
the CIE specialists. And the answer 
you get becomes a part of your per- 
manent reference file. You may find 
this even better than having a class- 
room teacher. 


Pick the pace that’s right 
for you. 


CIE understands people need 
to learn at their own pace. There’s no 
pressure to keep up... no slow 
learners hold you back. Ifyou’re a 
beginner, you start with the basics. 
If you already know some elec- 
tronics, you move ahead to your 
own level. 


Enjoy the promptmess of 
CIE’s “same day” grading 
eycle. 


When we receive your lesson 
before noon Monday through Satur- 
day, we grade it and mail it back— 
the same day. You find out quickly 
how well you’re doing! 


CIE can prepare you for 
your FCC License. 


For some electronics jobs, you 
must have your FCC License. For 
others, employers often consider ita 
mark in your favor. Either way, it’s 
government-certified proof of your 
specific knowledge and skills! 

More than half of CIE’s courses 
prepare you to pass the government- 
administered exam. In continuing 
surveys, nearly 4 out of 5 CIE gradu- 
ates who take the exam get their 
Licenses! 
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of home study information. 
Print Name 

Address 

City 


MAIL TODAY? 


For professionals only. 


CIE training is not for the hobby- 
ist. It’s for people who are willing to 
roll up their sleeves and go to work 
... to builda career. The work can be 
hard, sure. But the benefits are 
worth it. 


Send for more details 
and a FREE school 
eatalog. 


Mail the card today. If it’s gone, 
cut out and mail the coupon. You'll 
get a FREE school catalog plus com- 
plete information on independent 
home study. For your convenience, 
we'll try to have a CIE representa- 
tive contact you to answer any ques- 
tions you may have. 

Mail the card or the coupon or 
write CIE (mentioning name and 
date of this magazine ) at: 1776 East 
17th Street, Cleveland, Ohio 44114. 
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IRSCH REPORTS continued 


| Mitsubishi Model MS-40 
three-way, floor-standing 
| speaker system 








Heading Mitsubi- 
shi’s line of speaker 
systems is the floor- 
standing Model MS- 
40. Its 12’’ (80-cm) 
diameter woofer is 
housed in a sealed enclosure and oper- 
ates up to 600 Hz, where there is a 12- 
dB/octave crossover to a 4” (10-cm) 
midrange cone driver housed in a sealed 
subenclosure. The second crossover is to 
a 11/2’ (4-cm) dome driver at 5 kHz with an 
18-dB/octave slope. 

The handsome walnut-veneered enclo- 
sure measures 345/8"'H XK 15%e8""W X 145416”D 
(88 X 39 X 36.3 cm) and weighs 77 
lb (35 kg). Suggested retail price is $550. 


General Description. The woofer is 
located about a third of the way up the 
front panel of the enclosure; the midrange 
and high-frequency drivers are positioned 


slightly off the vertical center line of the 


speaker board. Manufactured in mirror- 
image pairs, the speaker systems are 
designed for left- and right-channel opera- 
tion, with the off-center drivers positioned 
toward the center of the listening area. 
Near the high-frequency drivers is a small 
panel with switches to adjust the levels of 
the two high-frequency drivers in 2-dB 
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steps from +2 to —4 dB and a small red 
LED that comes on when the system is 
driven to excessive levels. 

The dark brown grille cloth is stretched 
on a wooden frame, the whole held in 
place by plastic snaps and supported %4”’ 
(19.1 mm) away from the front panel. The 
front panel is free of bevels or recesses, 
and the drivers are mounted flush with its 
front surface to minimize diffraction ef- 
fects. Spring-loaded connecting clips and 


a recessed pushbutton switch for reseting 


the system’s protective circuit are located 
on the rear panel. 

The protective circuit monitors the cur- 
rent passing through the drivers. Should 
this current become excessive, the circuit 
operates a fast-acting relay that greatly 
reduces the volume and simultaneously 
lights the LED on the front panel. 

Nominal system impedance is rated at 6 
ohms and, by IEC standards, the system 
can handle up to 150 watts without dam- 
age. Rated sound pressure level (SPL) is 
87 dB at a distance of 1 meter with 1 watt 
of driving power. 

One of the more novel features of the 
MS-40 is its honeycomb woofer construc- 
tion. The honeycomb is formed of alumi- 
num foil 20 micrometers thick, and each 
‘cell’ is Vie” (4.8 mm) wide and %” (3.2 
mm) deep. Bonded to each side of the 
honeycomb is a layer of glass-fiber rein- 
forced plastic 100 micrometers thick. The 
complete structure forms a straightsided 
cone that is far more rigid and lighter than 
paper. However, internal losses are similar 
to those of paper, damping the internal 
resonances that can occur with metallic 
cone materials. Mitsubishi's computer 
analysis of the cone indicates that it is far 
less subject to flexural vibration than a 
paper cone of similar dimensions. Addi- 
tionally, the construction gives immunity to 
atmospheric changes that can affect the 
physical characteristics of paper. 

Set within a cone-like recess formed by 
its butyl rubber edge suspension, the 
dome tweeter is claimed to give excellent 
dispersion qualities. Almost the entire 
interior of the MS-40 cabinet is filled with 
sound absorbent material, as is the 
midrange driver subenclosure. 


Laboratory Measurements. When we 
spliced the semireverberant-field frequen- 
cy response of the MS-40 to its close- 
miked bass response, the result was an 
unusually flat, smooth curve that varied 
only about + 1.5 dB from 40 Hz to 20 kHz. 
A broad bass rise of about 2 dB occurred 
at 60 Hz, a slightly smaller rise at 1 kHz. 
There was a slight but definite upward 


slope of the curve from about 4 to 20 kHz, 
where the output was up some 3 dB rela- 
tive to the midrange level. 

Slight departures from flatness of this 
magnitude are usually considered to be 
within the measurement tolerances of our 
test method and would hardly be worthy of 
mention. In this case, however, we were 
especially interested to note that the typi- 
cal frequency-response curves published 
in Mitsubishi brochures for the speaker 
system had exactly the same features, 
specifically a bump at 1 kHz and the high- 
frequency rise. (Since it was made in a 
very large anechoic chamber, Mitsubishi's 
bass curve could not be expected to 
match ours exactly.) 

The dome tweeter had exceptionally 
wide horizontal dispersion, with the mea- 
sured curves from the left and right speaker 
systems differing by less than 2 GB all the 
way up to 20 kHz. (The microphone was on 
the axis of the left system and about 30° 
off the axis of the right speaker.) Less 


_ than the indicated range was available 


from the level adjustment controls, which 
boosted the output by about 1 dB and cut 
it by 1.5 to 2 dB at the extreme settings. 
Only frequencies above 5 kHz were 
affected by the treble control, while the 
midrange control operated between 600 
Hz and 5 kHz. As might be expected, the 
audible effect of these switches was very 
subtle. 

Impedance was correctly rated at 6 
ohms, which was the measured minimum 
impedance at 100 Hz and 1.3 kHz, and 
above 10 kHz. Impedance maxima were 
30 ohms at 40 Hz and 22 ohms at 500 Hz. 
Speaker sensitivity, 89 dB at a 1-meter 
distance with a driving signal of 2.83 volts 


~of random noise in an octave centered at 1 


kHz, was relatively high for an acoustic- 
suspension speaker system. 

Low-frequency distortion, at a 2.83-volt 
level (1 watt into 8 ohms) was very low in 
the midbass range: 0.13% at 100 Hz to 
0.5% at 50 Hz, rising to 3.2% at 35 Hz and 
6.3% at 30 Hz. A 10-dB power increase 
resulted in distortion readings ranging from 
0.28% at 100 Hz to 0.89% at 50 Hz and to 
6.3% at 35 Hz. The toneburst response 
was generally good, being relatively free 
of ringing and other distortions over the full 
range of the system and fairly independent 
of microphone positioning. 


User Comment. The Mitsubishi MS-40 
is a very fine system, with very low distor- 
tion and smooth, extended frequency 
response that is rare in loudspeakers. Lis- 
tening to a pair of MS-40s for some time, 
we tried to identify a sound quality that 
would particularly characterize them, but 
never found any. : 
Because of their weight, we were not 
tempted to move the MS-40s around to 
judge the effect, if any, of their asymmetri- 
cal driver placement on the sound. We 
would expect it to be minimal at best, 
since the high-frequency/ midrange driver 
axis is less than 22” (63.5 mm) off the 
center axis of the front panel. In view of the 
emphasis Mitsubishi places on the flat, 
nonbeveled speaker board and_ flush- 
mounted drivers, it seemed strange to find 
the grille, with its wooden frame, sup- 
ported in front of the speaker board so as 
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FREQUENCY (Hz) 
Impedance curve shows rated 6 ohms at 100 Hz and 1.3 kHz and above 10 kHz. — 


to place a %4’’ wide slot along each side of: 
the speaker ‘front. The effects of this, if 
any, were not audible to us, nor did we 
hear any change in sound with the grille in 
place and removed; but it does suggest 
that some of the other ‘‘steps’’ taken to 


minimize diffraction may not have been 


entirely necessary. . 

We found the MS-40 to be a relatively 
uncolored speaker system, whose neutral- 
ity, though a virtue to a purist, might not 
appeal to a listener who prefers such pop- 


Audio-Technica Model AT-1010 


tonearm features 


adjustable damping device 


Designed to enable 
a cartridge to trace 
the most difficult re- 
corded’ passages, 
the Audio-Technica 
AT-1010 tonearm is 
free from many of the limitations normally 
imposed by interactions between cartridge 
and arm. One of its special features is an 
adjustable damping device for controlling 
the effect of low-frequency arm/ cartridge 
resonance. The tonearm’s shape and its 
relationship to the pivot axes are designed 
to minimize warp wow and frequency inter- 
modulation (FIM) distortions that can be 
generated when record warps alter the 
normal tracking geometry. 

A template simplifies locating the arm 
base relative to the center of the turntable. 
Other installation aids included are used 





32 





for setting stylus overhang for minimum 
tracking error and tilting the cartridge so 
that its stylus is perpendicular to the sur- 
face of the record. The headshell accepts 
almost any cartridge that has 2’’ (12.7- 
mm) mounting centers and weighs be- 
tween 4 and 14 grams (14 to 24 grams for 
a Cartridge mounted in its own headshell). 
The headshell is the standard 4-pin plugin 
type with locking ring. Suggested retail 
price is $350. 


General Description. The J-shaped alu- 
minum tonearm tube is about 91/2’’ (241.3 
mm) long, from pivot to turntable center, 
and moves on precision ball bearings. 
Made of die-cast magnesium alloy, the 
MS-10 headshell has a _ rubber-covered 
top to damp out resonant modes. Position 
of the plug in the end of the shell can be 


ular colorations as a soft, heavy bass or 
sizzling highs. The low bass is certainly all 
there, but it is tightly controlled, and the 
treble is clear without being ‘“‘tinkly.”’ 

We checked out the overload protec- 
tion system with a moderate-powered 
amplifier (70 watts per channel) which, 
when driven beyond clipping, shut down 
both speaker systems. The acoustic lev- 
els were, at that point, well in excess of 
what was tolerable. Under reasonable 
conditions of drive, the system is capable 
of generous acoustic output. Sounds can 
be heard after the relay has operated, but 
they are weak and distorted. A push on the 
reset button on the rear of the cabinet 
restores normal operation, leaving the 
speaker system in good condition. 

Our overall assessment of the Mitsubi- 
shi MS-40 is that it is a high-caliber speak- 
er system with unusually low coloration 
and very good dynamic range. Its price 
seems reasonable in light of its perfor- 
mance both in our lab and under actual 
listening conditions. 
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adjusted over a range of at least 3 mm, by 
loosening a setscrew, to permit setting 
stylus overhang. 

Unlike most headshells, that of the MS- 
10 is not slotted. Instead, it has three pairs 
of tapped holes for the cartridge mounting 
screws. Normally, the center pair of holes 
is used, but if correct stylus position can- 
not be reached by adjusting plug position, 
one of the other sets of holes will make 
this possible. 

The arm tube is located above the ver- 
tical pivots, to locate the stylus of a cor- 
rectly installed cartridge in the plane of the 
pivots when playing a record. This mini- 
mizes warp wow and any change of verti- 
cal stylus angle that might occur when the 
pickup rides over a record warp. 

The counterweight carries the tracking- 
force scale, calibrated from O to 2.5 grams 
at O.1-gram intervals, and is threaded onto 
the rear extension of the arm tube. The 
rear of the arm tube is elastically isolated 
from the front portion. Hence, the sus- 
pended mass can supply antiresonant 
compensation for the main low-frequency 
resonance between total effective arm/ 
cartridge mass and the compliance of the 
cantilever mount. A small knob on top of 
the arm pivot structure provides adjustable 
damping of the low-frequency resonance, 
apparently varying the stiffness of the 
elastic coupling between the two sections 
of the tube. 

Extending to one side of the pivot is a 
balance weight that compensates for any 
lateral unbalance that might cause a side 
torque on the arm if the turntable is not 
leveled. Balance weight position is deter- 
mined by total head shell and cartridge 
mass. Within the lateral balance weight is 
another ‘‘gyrobalance’”’ weight that can be 
shifted vertically to alter the vertical swing 
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period of the arm. Its function is to mini- 
mize the up and down motion of the arm 
when playing warped records. As Audio- 
Technica points out, neither the lateral nor 
the gyrobalance would be needed, nor 
would they have any effect, if the turntable 
were level and the record were unwarped, 
but they serve a useful purpose in the 
more usual case where neither ideal condi- 
tion exists. 

Antiskating compensation is applied to 
the tonearm by a pivoted lever extending 
from the right side of the base. A weight on 
the lever can be set for elliptical, line- 
contact, or spherical stylus shapes, and 
the entire assembly rotates to set a num- 
ber that matches the tracking force oppo- 
site an index mark. Angular position of the 
weight changes with arm location on the 
record. We assume that the operating 
principle of the Audio-Technica device is 
similar to the ‘‘weight-on-a-string’’ mecha- 
nisms used on other tonearms. 

The arm-lift cueing lever, on a support 
that extends forward of the arm base, 
raises and lowers the tonearm with a very 
smooth, damped motion in both directions. 
The arm rest is built into the forward part of 
the support and includes a lock button to 
prevent the arm from being accidentally 
dislodged. 

Although installing a tonearm on a 
motorboard is rarely easy, accessories 
supplied with the AT-1010 make this a 
relatively foolproof operation. A template 


locates the base of the arm, which can be 
fastened to the motorboard with wood 
screws or bolts and nuts (both supplied). 
We suggest making the clearance hole for 
the arm post a little larger than the indi- 
cated 23 mm, since only a limited range of 
cartridge adjustment is possible when set- 
ting stylus overhang. Final arm position is 
set with the aid of a plastic gauge inserted 
into the socket in the end of the arm and 
located exactly over the turntable center 
spindle. Arm height is adjustable over a 
considerable range to accommodate al- 
most any cartridge and turntable dimen- 
sions. When arm and headshell have been 
installed, the shell is rotated with the aid of 
another plastic gauge to make the stylus 
perpendicular to the record, as viewed 
from the front. 

The signal cable assembly furnished 
with the AT-1010 has a plug that securely 
locks into a socket at the bottom of the 
arm post. At the free ends of the cable are 
high-quality gold-plated phono plugs. Au- 
dio-Technica points out that all wiring in 
the arm and cables is made of high-con- 
ductivity sterling silver, and all internal 
electrical contacts are gold-plated. 


Laboratory Measurements. We in- 


stalled the AT-1010 on a good-quality turn-. 


table, with an ADCOM XC-LT moving-coil 
cartridge in the headshell. We followed the 
instructions carefully and setup procedure 
went smoothly. Tracking force was set to 


the 1.8 grams needed by the cartridge. 

Tracking-force scale calibrations were 
accurate within 5% to 8% over the full 
range of adjustment, with a typical error of 
less than 0.1 gram. Rated at 1.5° maxi- 
mum, the tracking error reached that value 
at radii of 3’’ and 6” (76.2 and 152.4 mm). 
More to the point, the error was always 
less than 0.5° /in. of radius and over much 
of the record was too small to measure. 

Antiskating compensation had to be set 
to its maximum of 2.5 grams to give equal 
distortion in both channels when we oper- 
ated the cartridge at a 1.8-gram vertical 
force. The setting is not critical, but like 
most antiskating systems this one should 
be set slightly higher than the tracking 
force. The cueing device worked with 
exceptional smoothness, partly because 
of the slight time delay between movement 
of the lever and first motion of the arm. It is 
impossible to move the arm suddenly with 
this system. However, there was a moder- 
ate outward drift during descent, caused 
by antiskating torque. About 14 seconds of 
a record was repeated each time the arm 
was raised and lowered with the cueing 
device. 

Effective arm mass, less cartridge, was 
about 18 grams, which is an average fig- 
ure for tonearms of conventional design. 
We measured the low-frequency arm/car- 
tridge resonance with the adjustable 
damping set to minimum and maximum lim- 
its and observed no change in resonance 
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response, which was at about 9 Hz and 
had an amplitude of about 5 dB. Capaci- 
tance to ground in the arm and cable wiring 
was about 90 picofarads per channel, and 
the interchannel capacitance was a low 2 
picofarads. 


User Comment. If one were to judge the 
AT-1010 tonearm solely from the measure- 
ments we have described, there wce4ld 
appear to be little to distinguish it from 
most other arms, many of them less costly. 
The workmanship of the Audio-Technica 
armis exemplary, but one chooses a tone- 
arm for how effectively it permits records 
to be played, not merely for its styling or 
construction. 

We played a number of records with the 
combination of the AT-1010 arm and the 
ADCOM cartridge, and they certainly 
sounded excellent. This was inconclusive, 
since the cartridge was also new to us, 
and undoubtedly had more to do with the 
final sound than did the arm. 

Since the design of the AT-1010 places 
unusual emphasis on control of arm motion 
when playing warped records, and under 
the influence of the low-frequency arm/ 
Cartridge resonance, we concentrated on 
those performance aspects. The results of 
our tests were, to say the least, surprising 
and gratifying. 

The variable damping control had no 
effect on the measured output in the vicin- 
ity of resonance or on visible displacement 
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of the arm or sound when we played our 
collection of badly warped records. The 
Same comment applies to the adjustment 
of the lateral balance and gyrobalance 
weights, neither of which had any detecta- 
ble effect on the system. (Of course, we 
carefully leveled our turntable before mak- 
ing our tests, which would account for the 
lack of measurable, visible, or audible 
effects. These features are built into the 
tonearm to deal with less-than-ideal condi- 
tions, as when the turntable is not level.) 

We did not expect the tonearm to cope 
too effectively with our badly warped 
records, that in the past have tossed 
every combination with effective mass 
comparable to the AT-1010 and ADCOM 
completely off the disc. Most often, the 
AT-1010 behaved as though the warp was 
simply not present. It lifted to follow the 
warp, and seemed to cling to the record as 
it descended the trailing side. Usually, not 
even a ‘‘thump’’ was heard from the 
speakers. Clearly, the damping was highly 
effective, and the 9-Hz resonance frequen- 
cy was close to the optimum for tracking 
most record warps. Warps we_ used 
ranged from a once per revolution with a 
10-mm amplitude to shorter warps that 
imparted a quick but violent ‘‘jiggle’’ to the 
pickup. 

To isolate as much as possible the 
properties of the arm from those of the 
cartridge, we substituted an Audio-Tech- 
nica AT-25, a highly compliant cartridge in 








its own ‘headshell that tracks at 1 gram 
and could be expected to significantly low- 
er arm resonance (we did not measure 
resonance with this cartridge). Results 
were almost identical, although there was 
more visible arm motion every time it 
passed a warp and an occasional back- 
ward skipping of one groove under the 
influence of the antiskating torque. Howev- 
er, no tonearm and cartridge combination 
with an effective mass of more than 20 
grams had ever been able to play these 
records without groove jumping or an audi- 
ble wow. 

Our conclusion, then, is that the geome- 
try of the AT-1010 arm— including the var- 
ious balance devices, relationship of the 
Stylus to the vertical pivot axis, and any 
damping supplied by the decoupled rear 
section of the arm—gives this tonearm an 
above-average ability to play difficult 
records. Although we were unable to 
detect any variation in the arm’s perform- 
ance over the full range of adjustment -of 
these damping and control features, it is 
possible that under some circumstances 
they could have made a difference. In any 
case, it is reassuring to know that, even 
with random settings of most of its adjust- 
ments, and with cartridges of high or low 
compliance, the AT-1010 can give superior 
tracking of less-than-perfect records. This 
arm's price carries with it a corresponding 
level of performance. 
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@ Enveloping audio transducers 
in an air of mystery seems almost 
a time-honored tradition. Loud- 
speakers, phono cartridges, and, 
to a lesser extent, microphones 
are often viewed as though their 
selection and use involved some 
kind of ineffable magic not to be 
understood by mortals or— 
worse—quantified. 

Loudspeakers, are the most 
mysterious of the lot, for while 
measurements are dutifully made 
and data published, meaningful 
correlation between these and the 
sound of the product seem most 
notably absent. Though the idea 
may horrify some, it is not unrea- 
sonable to select, say, a power 
amplifier on the basis of its 
specs. But only a devoted optimist 


would buy a loudspeaker that way. 
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The first two articles of this 
Focus are aimed at applying some 
science to the loudspeaker conun- 
drum, hoping to find out how the 
present situation came about and 
how it may be altered in the 
future. Two highly qualified au- 
thors discuss, each in the light of 
his own expertise and point of 
view, the problems of quantifying 
and predicting the audible per- 
formance of loudspeakers. Neith- 
er has fully resolved matters; in 
fact, while each does provide 
some answers, new questions 
seem far more numerous. Both 
point out, however, some interest- 
ing directions for exploration. 

art III of this section is a con- 
struction project for a three-way 
electronic crossover.—Harold A. 
Rodgers, Executive Editor 














The Conflict 
Between 
Sound 


an 
Specs 














BY DANIEL QUEEN 2 


Daniel Queen Associates, Chicago, IL 


The Objective 








as 


Y, . 


Fig. 1. The microphone is in the far field for the 
short-wavelength (A2) radiation of the tweeter. 

“But when X1, the wavelength of the woofer radiation 
is comparable with cabinet dimensions A and B, the 
microphone is in the near field. Balance between the 
drivers can be falsified by such microphone placement. 
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ARELY can the audible performance of a loud- 

speaker be accurately deduced from its published 
specifications or any of the measurements customarily 
made. Normally any correlation between the two 
appears more accidental than otherwise. It seems 
ironic, therefore, that controversy surrounds a point as 
abstruse as amplifier slew rate when seemingly ele- 
mentary matters of measuring frequency response and 
distortion in loudspeakers are far from settled. 

One way to measure the effective performance of a 
loudspeaker would be to place the microphones in the 
ears of a listener. But what listener? And in what 
listening room? Such questions make a loudspeaker 
more difficult to measure than an amplifier, recorder, or 
even a turntable and phono cartridge. In fact, the loud- 
speaker measurement encompasses most of the prob- 
lems of those components and several more. 


Frequency Response. A loudspeaker is analogous 
to an antenna. In fact, the laws defining the radiation 
patterns of the two are virtually identical. Nevertheless, 
the loudspeaker, for several reasons, is the more com- 
plex device. 

While an antenna radiates a narrow band of frequen- 
cies into a fairly well-defined space, a loudspeaker 
must radiate any frequency in a 10-octave band intoa - 


room that may have one of a myriad of shapes and 


sizes. An antenna equivalent to a loudspeaker would 
be designed to operate on any tower with constant 
gain from 1.0 MHz to 1.0 GHz—i.e., broadcast to 
microwave—without varying its coverage pattern. 

Obviously, then, the on-axis data usually given by 
manufacturers are only expedient simplifications. At 
best, they are useful only to compare loudspeakers for 
production quality control; at worst, they can seriously 
mislead the prospective buyer. To come even close to 
characterizing a speaker, a great many more measure- 
ments are needed. 

To measure any one quantity, or variable, it is nec- 
essary to concentrate on it alone, holding all others 
constant. Those held constant are called parameters. 
In an electrical measurement, parameters may include 
characteristics such as supply voltage, ambient tem- 
perature and humidity, and load impedance. Parame- 
ters of loudspeaker measurement, in addition to these, 
include boundary conditions, positions of the speaker 
and sensing device, measurement time, and even the 
size and shape of the sensing device. 

Traditional practice has minimized boundary condi- 
tions by measuring in an anechoic chamber. In such an 
environment, reflections are of negligible amplitude. 
Next, on the assumption that listeners will place them- 
selves on the central axis of the loudspeaker, an on- 
axis microphone position is chosen. Such conditions 
should yield measurements which can be reproduced 
at many different facilities and which, though limited in 
the information they provide, can be applied to any 
loudspeaker. 

However, the next assumption is that a single mea- 
suring distance may be used—usually three meters (or 
10 ft. in some U.S. specifications) from the face of the 
loudspeaker. In the often published EIA sensitivity 
specification, the measurement at this distance is then 
extrapolated to 30 feet. Implicit in this extrapolation is 
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both the realization and the disregard by the writers of 
the EIA standard that three meters is not in the ‘‘far 
field’ of a loudspeaker whose dimensions are appreci- 
able fractions of that distance. Thus, another parame- 
ter is introduced: the size of the loudspeaker. To prop- 
erly understand its importance, we must first examine 
another concept. 


Sound Fields. There are three ways to look at the 
sound fields in the path from a loudspeaker to a listen- 
er. The first depends on the loudspeaker and listener 
themselves and the second on the environment (bound- 


ary conditions) in which they are placed. The loud- in 3 epic nicic iS fia eis 
speaker and listener have a near field and a far field. : rs eee laine” oe ods A 


The size of these fields as a function of distance drawn-out train of impulses as numerous 
increases with wavelength. (See Fig. 1.) At any one room reflections reach the measuring microphone. 
frequency and in one direction from the source, it can 


be determined whether one is in the near or the far 
field. In the absence of reflections, output will change 

inconsistently with increasing distance in the near field, 

whereas in the far field it will drop 6 dB per doubling of 

distance (more precisely, 20 dB for a tenfold increase). - 
Thus, the disregarded assumption in the EIA specifica- 

tion is that a near-field measurement of a loudspeaker 

can be extrapolated to the far field. 

The second way to describe sound fields is in terms 
of the environment in which the loudspeaker and listen- 
er are placed. Three fields are generated: the direct, 
the early-reflected, and the late-reflected fields. The 
direct field is formed of rays directly from the speaker 
that the listener intercepts (or might intercept) before 
they are reflected. This is the only field present in a 
perfect anechoic chamber. The early and late reflected 
fields are defined in relation to characteristics of 
human hearing. A reflection arriving late enough to be 
heard as distinct echo is described as late; if early 
enough to seem fused with the direct sound, it is 
described as early. (See Fig. 2) 

A third set of fields—the spatial fields—is also 
defined by the boundary conditions. They are catego- 
rized by the segment of a sphere through which sound 
can radiate from (or towards) the device under meas- 
urement. Mounted in the center of an ideal anechoic 
chamber, it radiates into a free field, 47- or full-space. 
A speaker set in an infinite wall radiates into 27- or 
half-space; at a wall-floor intersection it works into z- 
or quarter-space; in a corner, it would radiate into 
eighth-space. This is shown in Fig. 3. If there are an 
infinite number of reflections from random directions, it 
radiates into a perfect reverberant-field, full-space. 
Like the near field, the spatial fields are also functions 
of wavelength and radiator size. 





speaker in its near field or its far field? In a half-space 
or full-space? Unfortunately, the answer is: all of the 
above. Although acoustical scientists differ as to rela- 

_ tive importance of these fields, they agree that the 
listening experience involves them all. 

There is no question that much of the directional 
information of the loudspeaker comes from its direct 
field and early reflections. In living-room size listening 
spaces, it is also possible that much of the perceived 
spectral balance of the loudspeaker comes from the 
direct field and the early sound that dominate such a 
room to the relative exclusion of late sound. On the 
other hand, in a large space, there is a great deal of 
late sound and relatively few early reflections. Thus, a 
loudspeaker which sounds pleasant in a small room 














What Measurements to Use. ‘‘Anechoic”’ free-field 
measurement is based on the idea that only the direct- 
field is of importance in listening. In contrast, the meth- 
od of frequency-response measurement called ‘‘power 
response’, made in a true or calculated reverberant 





Fig. 3. Spatial fields of a loudspeaker. Loudspeaker A 


field, assumes that only the reflected sound is impor- radiates into full-space, B into half-space, C into 
tant. It also does not differentiate between the early- - quarter-space, and D into eighth-space. These designations 
and late-reflection fields. But a measurement system are approximate in that the dimensions of the drivers 
should be based on correspondence to the actual are ignored. In a practical case, D, for ecample, may have tts 
listening situation. Are we sensitive to direct sound, response altered by positioning of the woofer in eighth-space, 
early sound, or late sound? Do we listen to a loud- while the tweeter (because of its dimensions) is in full-space. 
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may be very poor in an auditorium, and vice versa. 

In regard to distance, a very small loudspeaker sys- 
tem would almost always be listened to in the far field. 
However, larger systems may actually be intended to 
be heard in the near field. This would certainly be true 
of large planar or panel-type speakers used in small 
rooms. Thus, by juggling all these parameters, one can 
generate a plethora of efficiency and frequency- 
response data for a loudspeaker. A manufacturer could 
possibly be tempted to publish the best curve he dared 
and adjust measuring parameters to produce that 
curve. However, a more useful approach would be to 
base the choice of parameters on the design of the 
speaker and the intended listening conditions. 


Distortion. Distortion products are generally un- 
wanted frequencies elicited in response to a test sig- 
nal. If one regards the task of quantifying them as a 
special type of frequency response measurement, the 
problems are at once apparent. All of the difficulties 
already mentioned apply, along with a few more that 
can cause distortion products to be temporally or spa- 
tially displaced with respect to the test signal. Worse 
yet, some, like turbulence noise in a bass vent, contain 
many incoherent frequencies so that there are few 
clues as to where to look for them in the spectrum. 
Time delay is representative of distortion that is 
position-sensitive. A loudspeaker can have its drivers 
fixed on a panel with respect to one another so that the 
time of sound arrival is constant with frequency at an 
on-axis position. Yet there may be serious time errors 


‘as one moves to either side. Similarly, frequency mod- 


ulation (FM) distortion, which occurs when a driver 
radiating a high frequency is moved back and forth by a 
low frequency and thus varies the high frequency by 
Doppler effect, can be substantial on-axis but less 
off-axis. If the listener receives a large amount of early 
sound reflected from all directions toward which the 
loudspeaker radiates, on-axis measurement of FM may 
not match the real listening conditions. 

Distortion arising from cone motion causes another 
problem. Frequency response is usually measured at 
small signal levels. However, the loudspeaker must 
radiate large signals too. A good frequency response 
for small signals may deteriorate as power increases, 
or distortion may rise to the point where the 
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Fig. 4. Human hearing is rather tolerant of 
frequency-response variations at low frequencies 
and might often let peaks and dips below 200 Hz 

pass unnoticed. Smaller dips (unshaded area) 
im the midrange would be far more disturbing. 


response at some frequencies is no longer useful. 

Perhaps the nondirectionality of bass frequencies 
will free us of positional problems—but is such output 
really nondirectional? Certainly, if we attach a tire pump 
to the room and increase the static pressure, the 
pressure will equalize quickly throughout the room. 
That would be the dc, O hertz, or infinite wavelength 
condition. But as wavelengths approach finite size, 
directional effects occur. The question is: the finite size 
of what? The cone... the baffle . .. the wall 
behind? Again, the answer is all of the above. 

Often, the bass characteristics of a loudspeaker are 
measured in the near-field. It can be shown that where 
wavelengths are substantially larger than the dimen- 
sions of the speaker in the cabinet, the near-field and 
far-field response are essentially equivalent. However, 
a microphone in the near field of a woofer must be very 
close to the cone. The limitation to very small cone 
excursions as a result of this positioning rules out 
measuring the large-signal properties of the loud- 
speaker. Furthermore, radiation from a vent or spurious 
emissions from the cabinet walls will not be included in 
the measurement. It becomes necessary to make mea- 
surements of all of these sources, both in amplitude 
and phase, and then to mathematically calculate the 
total radiated power. This is particularly complicated 
when the near-field technique is used to measure dis- 
tortion. If the microphone is far enough from the cone to 
allow full excursion at the fundamental frequency, it 
may be in_ far field for the distortion products, which 
have smaller wavelengths. Differences in the distortion 
from vents or cabinet sides will also become difficult or 
tedious to calculate. 


The Test Signal. Once a satisfactory set of testing 
parameters has been decided upon, it is necessary to 
make a choice of input signal. This is a critical matter, 
for a poorly chosen test signal can make interpretation 
of the results difficult or impossible. 

For example, if a frequency-response test is made in 
a free-field environment, a swept sine wave is an ade- 
quate test signal. However, in a reverberant field, a 
Sinusoidal signal would superimpose the standing 
waves of the room on the speaker response. A warble 
tone or broadband noise signal would overcome this 
difficulty; but, as both of these signals vary with time, 
averaging is required. Not only will it be necessary to 
decide upon the details of the averaging (time con- 
Stant, etc.), but also the bandwidth covered by the 
warble or the noise. The goal is to smooth out varia- 
tions contributed by the room while preserving the 
salient features of the loudspeaker. 

Most reverberant-field responses, such as those 
called power responses, are made with long averaging 
times in one-third octave bands. The rationale is that 
third-octave bands are close to what is called critical 
bands of masking. These are interpreted as the band- 
width of noise in which an equal-power pure tone would 
be just detectable by a human listener. Unfortunately, 
critical bands have been shown to be considerably 
narrower than third-octave bands particularly in the 
region where hearing is most sensitive (roughly 800 Hz 
to 5 kHz). To make measurements that would accurate- 
ly reflect variations in the narrowest critical bands, it 
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would be necessary to use one-tenth octave noise 
bands. Figure 4 shows that, while fairly large variations 
in the upper bass frequencies may pass undetected, 
our hearing is very intolerant of variations in the 800- 
to-5000-Hz range. 

Similarly, any analysis of absolute phase and time 
differences—or any other variables—must be related 
to the detectability of these variations by human ears in 
the listening room. The analysis must indicate how this 
detectability will vary with the positions of the listener 
and loudspeaker in the room. 


The Input Side. So far, we have only discussed the 
speaker’s output, but interface with an amplifier is also 
a necessity. The usual measure of this interface is the 
loudspeaker impedance, which is often cited as a 
single figure. However, it is well-known that this imped- 
ance varies substantially with frequency and, more 
important, becomes more or less reactive. Thus, an 
amplifier may be confronted with a resistive load at 
some portions of the range and almost purely reactive 
loads over other portions. Depending on the amplifier 
design, such variations may cause such ills as prema- 





OR MOST listeners, high-fidelity music reproduc- 

tion means duplicating the sensation of being at an 
actual performance. This is usually what we remember 
about the first time we heard high-fidelity equipment: 
realism. But realism cannot be measured; it is. subjec- 
tive, inside the listener. It is the feeling that the experi- 
ence we are having corresponds to another, earlier 
experience that is being duplicated. 

Sooner or later, most seekers after high-fidelity mus- 
ic reproduction discover that different loudspeakers of 
reputable manufacturers reproduce what should be the 
same sounds quite differently. Some decide to judge 
which is the best to buy by listening and comparing the 
realism of one speaker system to that of another. 
Others equate realism with accuracy—that is, objec- 
tively measurable fidelity—and try to choose the loud- 
speaker they are going to buy by comparing published 
specifications, which means, most often, frequency 
response. 

Anyone trying to make a purchasing decision on the 
basis of manufacturers’ published specifications needs 
a good sense of humor. One speaker system, listed at 
$7000, is said to have a frequency response from 25 to 
18,000 Hz, +2 dB. These are good specs, but a 
darned high price. And how about one that goes from 
26 to 25,000 Hz, +2 dB, and costs only $150? Another 
spans 27 to 25,000 Hz, no dB, for $149; you save a 
dollar over the closest competition, but lose a hertz 
and get no dB. Yet another, for $2200, responds from 
13 to 52,000 Hz—that’s right, 52,000. How can they do 
it for so much less than $7000? Probably by leaving out 
the number of plus or minus dB. 
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ture clipping, distortion, and instability. It is possible, 
therefore, that a loudspeaker will sound excellent with 
one amplifier and raucus with another not capable of 
withstanding severe impedance variations. A complete 
impedance curve, then, would show not only the mag- 
nitude of the impedance but its phase as well. 


in Conclusion. It might be tempting to conclude that 
quantitative specification of loudspeaker performance 
is virtually impossible, but the truth is that the process 
is merely very difficult. Most manufacturers’ literature 
has little significance. Nevertheless, many of the short- 
comings of these data are known and can be over- 
come. As measurements now being made in loud- 
speaker development laboratories are correlated with 
subjective responses, the relations between these 
hitherto mutually exclusive domains are becoming bet- 
ter known. Thus, the correct parameters for loudspeak- 
er measurement will gradually become known and 
reflected in standardized measurements. Given this, it 
will eventually become possible to publish specifica- 
tions that indeed indicate the subjective quality of a 
loudspeaker system. © 





@ BY ROBERT BERKOVITZ 


Teledyne Acoustic Research, Norwood, MA 


The Subjective 





View 


Measurements vs Reality. Listeners want specifi- 
cations, and so they get them—the best that manufac- 
turers can provide. But do frequency-response mea- 
surements have anything to do with the way in which 
loudspeaker systems are used by their owners? To 
measure the frequency response of a loudspeaker, it is 
fed an electric signal containing all audible frequencies 
in exactly equal amounts. A microphone picks up the 
output of the loudspeaker and delivers a corresponding 
electric signal to measuring equipment. If the loud- 
speaker reproduces signals accurately, then the mea- 
suring equipment will show equal levels at all audible 
frequencies. At least, that is the idea expressed in its 
simplest form. 

Even without much technical understanding, one 
soon notices that frequency-response data from manu- 
facturers is always quite impressive. Lower-priced 
speaker systems show a little less bass or treble than 
higher-priced units, but still seem nearly perfect. If 
these published data are correct, all loudspeakers 
should sound alike. Why don’t they? 

Without a doubt, engineers learn a great deal about 
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loudspeakers by measuring them during development. 
But typical engineering data tell listeners very little 
about how a loudspeaker is likely to sound. Here is a 
partial list of reasons: 

1. Frequency-response measurements are usually 
made with a microphone directly in front of and one 
meter away from the loudspeaker. With this positioning 
it is often possible for even a small movement of the 
microphone to affect the frequency-response curve. 
Listeners normally are much farther away and, 
because of stereo placement, at an angle of at least 15 
to 20 degrees to the speaker’s center line. 

2. Measurements are made on single speakers 
despite the fact that they are used in pairs. Driver 
layout and cabinet shape can make listening to two 
speakers different from listening to one. 

3. Human ears, unlike test microphones, are not 
omnidirectional. Causing various frequencies to arrive 
at the listener’s head from different directions will make 
loudspeakers sound different, but the microphone will 
not notice. 

4. Listeners, because they have two ears, can ana- 
lyze sounds and extract information that test micro- 
phones cannot detect—the direction from which a 
sound seems to come and the distance and apparent 
size of its source. 

5. Some frequency-response measurements are 
made in typical listening rooms or special reverberant 
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Fig. 1. Computer analysis of the 
final orchestral chord in four 
commercial disk recordings of 
Stravinsky’s “Rite of Spring.” 

The horizontal scale runs from dc 
to 15,625 Hz, 1000 Hz/division. 

The vertical scale is in dB. Each 

curve shows the total energy as a 
function of frequency for the 
entire duration of the last measure 
of the score and the reverberant 

; decay in the studio or 
hall—about 3.5 seconds total. 

A. Smooth, “textbook” curve that 
shows little or no evidence of 
manipulation (or a very skillful 
job of manipulation). 


rooms that integrate the sound power radiated by the 
loudspeaker in all directions. Such measurements ‘‘ho- 
mogenize”’ the direct and reverberant sound reaching 
the microphone, losing a distinction that materially 
affects listening quality. 

6. Engineering measurements made in typical test 
chambers fail to indicate the effects of interaction 
between a speaker system and the room in which it will 
be used. These include interference by sound reflected 
from the wall behind the speaker and the influence of 
side-wall, floor and ceiling reflections on the size of the 
sonic image. 

The list can be extended, but it is long enough to 
make this point: engineers spend much of their time 
and effort measuring the loudspeaker, while listeners 
are most interested in the sound field created by the 
loudspeaker under typical listening conditions. Manu- 
facturers’ frequency-response measurements can be 
quite correct without telling much about how a loud- 
speaker will sound. Moreover, it is probably impossible 
to find out how a loudspeaker will sound on an objec- 
tive, scientific basis, using the types of measure- 
ment—computerized or not—upon which almost all 


manufacturers depend. Indeed, most computer-made 


loudspeaker measurements reveal nothing that engi- 
neers are unable to learn with conventional analog 
equipment. They simply provide the same data more 
quickly, conveniently, or elegantly. 
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B. Smooth curve showing evidence of 
high-frequency boost. Relative 
level at 10,000 Hz is about 10 dB 
higher than in A. Curve apparently 
breaks at about 5500 Hz. 

C. Odd shape appears to be result 
of substantial high-frequency boost 
between 5000 and 12,000 Hz. Steep 
descent at low frequencies implies 
some bass boost. 

D. Remarkable spectrum shows strong, 
precisely spaced brass instrument 
overtones and a surprising amount 

of high-frequency emphasis compared 
to other recordings. Alignment with 
other curves at low frequencies shows 
about 20-dB boost at 15,000 Hz. 


A “Thought Experiment.” If objective measure- 
ments cannot tell which loudspeaker is nearest to 
perfection, can listening tests give the answer? Before 
taking up this question, let’s try to define the problem in 
a simple, scientific way. 

Suppose that we had a perfect high-fidelity system. 
How would we know? We could set up microphones in 
our listening room and play a recording; while we 
played it, we would re-record it. Then we would com- 
pare the original recording with our recording of the 
recording. If we could hear absolutely no difference 
between the two recordings, we would have to con- 
clude that our high-fidelity system was perfect. One 
problem remains. Where do we get the recording with 
which to begin? . 

Let’s change the rules a bit to see if we can come 
closer to a practical answer, at least in our imaginary 
laboratory. Suppose that a soundproof wall is built 
across the middle of a large room, and a hole the size 
of a loudspeaker system is cut through it. We place 
musicians on one side of the wall and a listener on the 
other. When the musicians play, the purest high-fidelity 
sound—the real thing—comes through the hole and 
the listener hears it. Two holes can be used for stereo. 
Next, we put a speaker system into the hole, closing it, 
and connect a microphone, facing the musicians, 
through an amplifier to the loudspeaker, which faces 
the listener. The reproduction is perfect when the lis- 
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tener cannot tell the difference between the loudspeak- 
er and the hole in the wall. : 


This is as far as the analogy is usually taken, but 
let's go one step further. Suppose we dismiss the 
musicians and substitute a recording made when the 
microphone was in place, played through the same 
kind of loudspeaker as we have mounted in the wall. 
Now the listener has to tell whether the loudspeaker is 
reproducing itself or live music. Would it work? 

Probably not. We might come close, but there would 
be no way to tell how close. The problem concerns the 
size of the hole in the wall and the size of the micro- 
phone. Since the microphone is only about an inch in 
diameter, it picks up only a tiny sample of the sound 
field produced by the musicians or the loudspeaker. In 
fact, the sample is so restricted that it tells us nothing 
about the direction from which various frequencies 
arrive or where they go next. The sound level at one 
point in space is all that the microphone can relate to 
us. Unfortunately, the sound field on the other side of 
the wall is far too complicated for accurate represen- 
tation by such a tiny sample. 

Radiation from the loudspeaker develops in a com- 
plete, three-dimensional pattern, some frequencies in 
one direction and other frequencies all around, some 
mainly to the right and left and others only forward, but 
none of this has anything to do with the original sound. 
The directional information can’t be coming from the 
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microphone; the loudspeaker just makes it all up! 
Unless the radiation pattern of the loudspeaker exactly 
matches that of the source, we will never be able to 
Carry out our experiment successfully. 


Why Does High Fidelity Work? After all this, it must 
be said that some recordings, played through some 
loudspeakers, sound realistic enough to make one’s 
hair stand on end. If measurements are not going to 
give us the answer and tell us which speaker system is 
most accurate, we may have to go back to subjective 
listening comparisons, using good high-fidelity record- 
ings. But we are assuming that recordings can be 
made accurately just as we assumed, at first, that 
loudspeakers can be measured accurately. A record- 
ing can be considered a measurement of a perform- 
ance. How do the people who make a commercial 
recording know when it is accurate . . . or inaccu- 
rate? Simply: they listen to the master tape through 
loudspeakers and change the frequency response of 
the recording until they think it sounds right. 

Without information about the record we are playing, 
there is no way to know how a loudspeaker should 
sound. The kind of information we want is hardly likely 
to be printed on album covers; but, with a little time and 
skill, we can let a computer analyze the frequency 
content of different recordings and compare them to 
each other, if not to an absolute standard. The results, 
shown in Fig. 1, will not encourage perfectionists, but 
they do indicate the danger of assuming that one’s 
favorite ‘‘test record” can be a reliable index of objec- 
tive loudspeaker performance. | 

Measuring the sound produced by musical instru- 
ments is no easier than measuring the sound coming 
from a loudspeaker. So many factors other than uni- 
form frequency response enter into a listener’s judg- 
ment of the realism of the result that the producer in the 
recording studio, even with access to the most elabo- 
rate and expensive apparatus, must rely on manipula- 
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tion to obtain a result he finds acceptable. Yet some of 
the manipulations on records are undoubtedly unac- 
ceptable to many serious music listeners. Perhaps 
more could be accomplished by improved microphone 
design or more careful positioning of microphones at 
recording sessions. Until better understanding of some 
of the objective problems of music recording and 
reproduction is achieved, however, equalization is like- 
ly to remain the most economical yet powerful tool the 
producer can use to adjust the sound of a recording. 


Spatial Hearing and Cross-Correlation. The solu- 
tion to the loudspeaker puzzle probably does not lie in 
improving existing methods of measurement, but rather 
in devising new, more meaningful ways of obtaining and 
interpreting data about loudspeakers. Given a good 
loudspeaker to begin with, the listener who is so 
inclined can easily manipulate its frequency response 
with tone controls or an equalizer. What is much harder 
to change—and may be the invariant property that 
gives a loudspeaker system its acoustic identity—is 
the way in which its three-dimensional radiation pattern 
interacts with the listener’s auditory system. We need 
a better understanding of those properties of a loud- 
speaker’s radiation that are used by a listener’s brain 
to tell something about the size, shape, distance and 
direction of the sound being reproduced. 

The human hearing system locates the direction of a 
source of sound in several ways. One is by estimating 
the time interval between the arrival of a sound at one 
ear and its arrival at the other ear. Nobody knows 
exactly how this is done in the brain, but one widely 
believed idea is that the process involves something 
called a ‘“‘correlation matrix’’—a web of nerves inter- 
connected in such a way as to continuously monitor the 
incoming energy at each frequency for matching varia- 
tions in level. As proposed by Jeffress and Licklider, 
distinguished researchers in this field who indepen- 
dently suggested ways such a system might work, the 


Fig. 2. Examples of kind of 
plot produced by AR’s “robot 
listener” system. Automatic 
computer drawing shows how 
well signals at both ears match 
seeseseZaN\\Oresen at varying time delays. Zero 
Moser? delay would correspond to 
SSSR source directly in 
Front of listener; 90° 
8000 to right or left would 
produce a peak at 

+ 630 microseconds. 
Speaker system A 

has drivers aligned 
vertically on front of cabinet; 
system B uses driver units on 
three cabinet sides. Like the 
human hearing system, A 
shows little directional infor- 
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correlation matrix has a number of output taps corre- 
sponding to different amounts of time delay. At a given 
frequency, the highest output is obtained from the tap 
corresponding to the delay time of either the left or 
right ear signal that gives the best match of the two. 

My colleagues and | have experimented with an 
artificial human head, with specially constructed micro- 
phones implanted inside ears modelled after those 
human beings. The microphones’ output is linked to a 
laboratory computer (and associated peripheral equip- 
ment) programmed to simulate some of the known 
properties of the inner ear and the neural networks in 
the human brain that analyze auditory data. We can 
interrogate our robot listener to ask it to draw a picture 
of what it has heard. Figure 2 shows one kind of picture 
produced in this way. The plot represents the cross- 
correlation of the signals received by the two ‘‘ears”’ 
as a function of frequency, after the individual signals 
have been processed to account for the response of 
the basilar membrane, a part of the inner ear. A trained 
observer will see that various features of the human 
hearing mechanism are indeed present in the computer 
simulation. Comparison of the model’s data to data 
from experiments with human listeners confirms that 
our biological sensors and signal-processing networks 
closely approach the ideal efficiency that could be 
expected of such a system. The sensitivity is surpris- 
ing. In some experiments, human hearing has proved 





Artificial head used at AR and many other laboratories | 

is made by Neumann, German manufacturer of 
professional condenser microphones. Units are built 

with specially designed coupling chambers between ear 
canal and microphone capsule, to match electrical output 

as closely as possible to acoustical signal at human eardrum. 


about a sound but would possibly assist localization. 


capable of finding the azimuth of a sound source to 
within less than one degree. 


Nonlinear Processing in Hearing. Despite its 
extreme sensitivity to some characteristics of sounds, 
the ear transforms and alters the incoming signal very 
early in the auditory process. One change is the sepa- 
ration of a sound into its constituent frequencies, that 
is, spectral analysis. Another is half-wave rectification, 
which probably takes place after frequency analysis. 


Transmission of information in the central nervous sys- 
tem, where processing takes place, appears to be 
statistically oriented, rather than discrete and quantita- 
tively precise as in a computer. 

The significance of these nonlinear effects in music 
reproduction is not common knowledge, except to 
readers of specialized journals and texts on the sub- | 
ject. However, the importance of such effects should 
be clear to anyone who has heard an ‘‘ambience”’ or 
“time-delay” system. Without being able to add any 


These changes would desiroy little actual information genuine information at all, such systems, often by mere 





mation, 1.e., no prominent sin- 
gle peak at low frequencies. 
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Speaker system B shows lo- 
calization shifts at lower fre- 
quencies and diffuse localiza- 
tion at higher frequencies. The 
effect resembles that produced 
by strong reflections in a hall. 
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delayed repetition of the original sound through added > 


speakers, impressively augment the subjective impres- 
sion of realism. Some listeners have observed that a 
mediocre system with ‘“time-delay’’ can be more 
satisfying than a high-quality system without such an 
accessory, despite the fact that the additional sound 
can only decrease the objective accuracy with which 
the recording is reproduced. 


The Future. For some years, at least, progress in 
audio might depend on the work of neurophysiologists 
and psychologists, rather than on refinement of hard- 
ware along conventional lines. Eventually perhaps, the 
results will justify the application of their hard-won 
knowledge to our special concern by bringing everyone 


greater pleasure and enjoyment from music. The 
search for improved understanding is also one of the 
most exciting and potentially rewarding applications of 
computers and digital simulation to audio. By applying 
techniques from the field of artificial intelligence— 
feature detection and pattern recognition—we may. 
soon be able to make objective measurements of the 
spatial fields generated by a loudspeaker in terms of a 
listener's perception. When we are able to measure 
such qualities objectively, we can begin to design 
speaker systems in which these variables are con- 
trolled. This, in turn, would give us much greater control 
over the listener’s subjective impression—which is, as 
we said at the outset, the fundamental principle of 
high-fidelity music reproduction. © 





A 3-Way 


Drive System 
tor Speakers 


N TRADITIONAL multiway loudspeaker systems, the 

division of the driving signal into frequency ranges 
Suitable for the several drivers is performed after pow- 
er amplification. The crossover or dividing network is 
composed of a set of passive components— inductors, 
capacitors, and resistors—interposed between the 
power amplifier output terminals and the input terminals 
of the individual transducers. 

From the point of view of economy, this approach is 
advantageous, but it is not without difficulties. One is 
that the dividing network must handle appreciable pow- 
er. This means that the passive components (the 
inductors are most problematic) must behave in a lin- 
ear manner at high current levels if distortion products 
are not to be generated. Optimal design often raises 
the cost of the passive components and causes some 
of the economic advantage to evaporate. 

Another drawback of particular concern to the home 
constructor is that a high-level network capable of 
performing well with the drivers to which it is added can 
be very difficult to design. The reason is that most 
tables and formulas for the filter-section design are 
based on the assumption that the network will be 
terminated by a purely resistive load, while the driver 
impedances usually contain significant, frequency- 
dependent reactive components. 

Clearly, it would be advantageous to eliminate this 
problem. We can do this with no loss of performance 
by multiamping the system and taking advantage of the 
fact that the power amplifiers act as buffers between 
the filters and the drivers. Another benefit is that, with 


Active crossover divides 
the audio spectrum 

for individual drivers before 
power amplification 


BY J.F.P. MARCHAND 


several power amplifiers sharing the load, the 
demands made on each of them are less stringent than 
when a Single unit must do the whole job. For example, 
since bass frequencies cannot intermodulate with tre- 
ble frequencies in loud passages, a particulary audible 
form of distortion is minimized. Also, the bass power 
amp can have a relatively low slew rate and cause no 
problems, as it will not see rapidly changing signals. A 
treble amp, on the other hand, can have a low damping 
factor, with less feedback and fewer problems. 


The Filters. A schematic diagram of the active cross- 
over for one audio channel appears in Fig. 1. While 
other types of filters can give good results in this 
application, the 18-dB/octave active Butterworth fil- 
ters used here offer a desirable combination of steep 
slopes and good phase response. Rolling off the driv- 
ers rapidly helps to suppress any anomalous behavior 
they may exhibit as the extremes of their useful ranges 
are approached. Using as sharp a network as this 
between a power amplifier and the drivers is often 
avoided because of expense. In a design of this type, 
however, the extra cost is minimal. 

Quad operational amplifiers /C? and /C2 are the 
central elements of the filters. Integrated circuits IC 1A, 
IC1B, IC1D, and their associated components and 
IC1C, IC2A, IC2B, and their associated components 
comprise two active filters with ultimate slopes of 12 
dB/octave. The first filter separates the high frequen- 
cies from the low and middle frequencies. The second 

(Continued on page 48) 
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0 
Q3 
TIP SI 


PARTS LIST ex §& 
C1—13,000-nF, 50-volt electrolytic ve 
C2:CA0.C12*;C1S* Crys Cre 1 pk, 

50-volt radial-lead electrolytic 
C3,C4,C9—1000-pF, 5% polystyrene 
C5,C6,C7,C8,C16—10,000-pF, 5% poly- 
styrene 
C11,C14*,C20*—47-uF, 50-volt radial- 
lead electrolytic 
C13*,C19,C21*—470-uF, 25-volt radial- 
lead electrolytic 
C22 through C28—0.1-uF disc ceramic 
D1,D2—6.8-volt, 1-watt zener diode 
F1—1-ampere fast-blow fuse 
IC1,1C2—LM324N, TLO74CN, or simi- 
lar quad operational amplifier 
1C3*,1C4*—LM379S dual six-watt au- 
dio amplifier 
J1—-RCA phono jack 
Q1*,Q3*—TIP31 npn power transistor 
Q2*,Q4*—TIP30 pnp power transistor 
The following, unless otherwise specified, 
are 4-watt, 5%, carbon-film resistors. 
R1,R32—1000 ohms 
R2,R3,R4,R6,R8,R10,R12,R13,R24*, 





10,O00pF 










+VUNREG 
BASS 
OUTPUT 








R25*,R31*—100,000 ohms 
R5,R7,R11,R14,R15,R16,R17—68,000 
ohms 


R9—51,000 ohms 

R18,R23*,R30*,R33—10,000 ohms 

R19*,R22*,R28*,R29*—150,000 ohms 

R20*,R21*—5.1 ohms, 2-watt, carbon- 
composition 

R26—22,000 ohms 

R27*—4700 ohms 

R34,R35—10,000-ohm, pc-mount, lin- 
ear-taper potentiometer 

RECT1—6-ampere, 100-PIVY modular 
bridge rectifier 

S1—Spst toggle switch 

T1—24-volt, 2-ampere transformer 
(Stancor No. P-8617 or equivalent) 

Misc—Printed circuit board, heat sinks 
(four Thermalloy No. 6070 or equiva- 
lent, two Thermally No. 6072 or equiv- 
alent), line cord and strain relief, fuse- 
holder, circuit board standoffs, hard- 
ware, hookup wire, shielded cable, etc. 

Note—An etched and drilled glass-epoxy 
printed circuit board is available for 
$15.00 from Marchand Electronics, 
Inc., 1334 Robin Hood Lane, Webster, 
NY 14580. New York residents, please 
add 7% state sales tax. 


C2l 
+ ‘ant 
+ 
MIDRANGE 
OUTPUT 





Fig. 1. Schematic diagram 
of the active crossover 
for one audio channel. 

Further power amplification 
may be added if desired. 


APRIL 1980 47 





en 





48 


then divides the low and middle frequencies. The high, 
middle, and low frequencies, which appear at the out- 
puts of /C7B, IC2A, and IC2B, respectively, are fed to 
passive high-pass and low-pass filters C16, R26, and 
R35 and C7, R15 and to active band-pass filter C8, 
R16, C9, R17, and IC2D. 

These last circuits are first-order filters having ulti- 
mate slopes of 6 dB/octave. Because the second- and 
first-order filters are cascaded, the resulting ultimate 
slope is 18 dB/octave. 

The values of capacitance and resistance which 
determine the low and high crossover frequencies 
have the following relationships: 

Crigh = C3 = C4=C 16/10 

CG. -Co=C6=C/ 

Rrigh ~ RS =R7 = 10 (R26 || R35) 

Foy A 11=R14=R16 

The values of Ry, and F,,,,, in kilohms and of C,,,, and 
Ciow in picofarads are determined from the equations: 
R= 109/6.28fC and C= 10°/6.28fR. Choose a conven- 
ient value of capacitance, say 100,000 pF for a low 
crossover, 10,000 pF for a high one. Then calculate 
the necessary resistor values. A negative value for R26 
means that R35 is too low to allow it and R26 in parallel 
to reach the desired resistance. Repeat the calculation 
with a larger value for C. 

The specified op amps are sufficiently fast to give 
good performance. However, anyone concerned about 
transient intermodulation (TIM) distortion may substi- 
tute a pin-compatible IC, such as type TLO74CN, which 
has a higher slew limit. 

To use the project with two-way systems, make frign 
and f,,, equal. The bandbass output should be left 
floating as there is no midrange driver. 


Power Amplifiers. The choice of power amplifiers for 
a triamped system depends on the efficiency and pow- 
er-handling capabilities of the drivers, the crossover 
frequencies and how loud you want the music to be. 
Generally, you will want to use the best quality ampli- 
fiers you can afford; but, as noted earlier, factors that 
influence the high-frequency performance of the bass 
amp are unimportant. Similarly, damping factor, dc cou- 
pling, and other parameters or features that relate to 
low-frequency performance are not critical in the treble 
and midrange amps. 

To decide how much power each of the amplifiers 


must have, start with the reasonably conservative 
assumption that music has equal power in each of the 
10 audible octaves. With your chosen crossover fre- 
quencies in mind, determine how many octaves each 
driver will handle. The number of octaves is given by 
the relation N = log ,, (f,/f,) / log ,. 2, where f, and f, 
are the lower and upper limits, respectively, of the 
passband allocated to a particular driver. (This is a 
formidable looking calculation, but it can be performed 
easily on most scientific calculators.) A driver handling 
five octaves would get 50% of the system power; one 
handling three octaves would get 30%, etc. 

lf an appropriate calculator is not available, draw a 
chart, marking octave boundaries at 20, 40, 80, 160 Hz 
etc., and note which bands contain your crossover 
frequencies. Then you can get an approximate idea of 
how many octaves are reproduced by each driver. 
Obviously, this method is not exact, but you are not 
likely to find power amplifiers in exactly the sizes you 
need anyway. 

A constructor who can be satisfied with a modest 
amount of power at distortion levels that are adequate 
but not state-of-the-art can build the power amplifiers 
included in Fig. 1. These are built around two National 
LM379s, dual 6-watt integrated power amplifiers, 
which require few additional components and have 
built-in thermal protection. Integrated circuits /C3A and 
IC3B are the amplifiers for the high and middle frequen- 
cies. They are connected as standard noninverting 
operational amplifiers and the outputs are capacitively 
coupled to the loudspeakers via C20 and C21. 

To satisfy the higher power requirement of the low- 
frequency channel, /C4 is arranged as a balanced 
amplifier with booster transistors Q1, Q2, Q3 and Q4. 
The op amps are arranged as an inverting and a nonin- 
verting amplifier, differentially driving the bass loud- 
speaker. This doubles the maximum voltage across 
the loudspeaker, yielding four times the power. The 
booster transistors handle the doubled output current. 
All three amplifiers are designed for 8-ohm drivers. 


Power Supply. Power for the filters and power ampli- 
fiers can be provided by the supply shown schemati- 
Cally in Fig. 2. A simple bridge rectifier and filter capac- 
itor provide 35 volts dc at no load. As the LM 379 is 
relatively insensitive to power-supply ripple, no addi- 
tional filtering is required. 





Fig. 2. Schematic diagram of a power supply for the filters and amplifiers. 


Capacitors supply filtering and zener diodes regulation for various voltages. 
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Supply voltages for /C71 and /C2 are provided by the 
6.8-volt zener diodes, D7? and D2. Capacitors C22 
through C28 provide power-supply decoupling. Power 
amplifiers /C3 and IC4 require high-frequency power- 
supply decoupling to prevent ultrasonic oscillation. This 
decoupling is provided by C22 through C25. These 
disc ceramic capacitors are mounted in pairs close to 
the LM379 integrated circuits. 

Note that two distinct ground symbols are employed 
in the two schematic diagrams. This is so because the 
power supply is single-ended. The ‘‘earth ground” sym- 
bol is employed as the input and output signal ground 
and the negative supply line for the ICs. The ‘‘chassis 
ground’”’ symbol signifies an artificial ground for opera- 
tional amplifiers /C7 and /C2 that is at a dc level equal 
to one half the regulated supply voltage. It is derived by 
means of the voltage-dropping action of zener diodes 
D1 and D2. 

The gains of the low and high channels can be 
adjusted with potentiometers R34 and A35. With the 
wipers of these controls at the center of their travel, 
the gains of all amplifiers are approximately 15. An 
input sine wave of 460 mV rms will then result in full 
power output. 


i 


Construction. The assembly of the project is relative- 
ly straightforward. All parts except the 24-volt power 
transformer are mounted on a single 51/2-X-61/2-inch 
printed circuit board. The full-size etching and drilling 
guide for this board appears in Fig. 3. A complementa- 
ry parts placement guide is reproduced in Fig. 4. When 
inserting electrolytic capacitors, diodes, transistors 
and integrated circuits, be sure to observe proper 
polarity. 

Resistors R2 through R17 and R26 and capacitors 
C3 through C9 and C76 determine the crossover fre- 
quencies. For best performance, these components 
should have a tolerance of no more than +5%. Poly- 
styrene capacitors are specified but other low-loss 
precision types, can be substituted. 

Transistors Q7 through Q4 are mounted on Thermal- 
loy No. 6070 or similar heatsinks with suitable mounting 
hardware. Cooling for the LM379 ICs is accomplished 
by mounting them directly on Thermalloy No. 6072 or 
similar heatsinks with two No. 4-40 machine screws. 
The holes in these heatsinks do not line up with the 
threads in the ICs, so two holes spaced 1 inch (2.54 
cm) apart must be drilled in the heatsinks. Pin 1 of the 
power ICs is marked with a small white dot on the 





Fig. 3. Actual-size etching and drilling guide for printed circuit board. 
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Fig. 4. Component layout diagram for the printed circuit board. 


underside of the package. The large filter capacitor, 
C1, is mounted on the board with standard hardware. 

Should you decide to use other power amplifiers, 
IC3 and IC4, Q1 through Q4, and their associated 
components (see parts list) can be omitted. Outputs for 
the external amplifiers can be taken from the solder 
pads intended to accommodate pins 6 and 9 of /C3 
(high and mid frequencies) and pin 7 or 9 of IC4 (low 
frequencies). Use shielded cable with phono jacks and 
the shield grounded only at the jacks. Keep cables 
short, adding 100-ohm buffer resistors if needed to 
prevent oscillation. 

If you use the on-board power amps, it will be con- 
venient to mount the entire project inside the loud- 
speaker enclosure. Potentiometers R34 and R35 can 
be mounted in place of the original crossover controls, 
and the fuse holder, input connector, and on-off switch 
can be installed on the rear of the enclosure. To allow 
adequate ventilation, mount the circuit board as low in 
the box as possible, positioning it so that damping 
material does not interfere with air circulation. Leads to 
the pots and speakers should be twisted together. 

To use the project with external power amps, it will 
be necessary to fabricate some form of enclosure. The 
controls, input and output connectors, fuse holder, and 


on-off switch can be mounted on one of its panels. 


Power-supply components 77, B71, C1 are more than 
adequate for two stereo channels of filtration. Decou- 
pling capacitors C22 through C25 can be omitted, but a 


Transistors Q1 through Q4 are mounted on heat sinks. 


Separate zener-diode regulator section should be used 
for each channel. The loudspeaker system will have to 
be fitted with a separate set of connectors for each 
driver. If desired, the drivers can be protected by 
individual fuses of appropriate ratings. 


Setting it Up. Whichever arrangement you use, pay 
careful attention to the polarity of the drivers, some- 
times indicated with a red dot meaning “plus”? (+). 
Some authorities feel that, with 18-dB/octave cross- 
overs, the best phase response near the crossover 
frequencies is achieved by connecting adjacent drivers 
out of phase. You may want to experiment to see which 
arrangement gives you the best results. 

In some cases, coupling the amplifier directly to a 
woofer will increase damping to the point where a small 
amount of bass response is lost. This can be cured by 
connecting a small resistor, generally 1 ohm or less, in 
series with the driver. To protect the speaker drivers 
from transients, be sure that the power amps are 
turned on after the crossover is powered and turned off 
before crossover power is removed. : 

Once you are certain that the project is operating 
correctly, make all necessary corrections and set the 
level controls for flattest frequency response. The 
improvement in the sound of your speakers will not be 
earth-shaking but should be clearly audible. Many lis- 
teners who use tri-amping report clearer, tighter sound 
with reduced distortion. © 
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FTER 500 PLAYS OUR HIGH FIDELITY 
[APE STILL DELIVERS HIGH FIDELITY. 











If your old favorites don’t sound as good as they used to, the problem 
could be your recording tape. 


Some tapes show their age more than others. And when a tape ages 
prematurely, the music on it does too. 
What can happen is, the oxide particles that are bound onto tape 
loosen and fall off, taking some of your music with them. | 
t Maxell, we've developed a binding process that helps to prevent 
this. When oxide particles are bound onto our tape, they stay put. And 
so does your MUSIC. 


So even after a Maxell recording is 500 plays old, you'll swear it’s not 


play over five. 
AXell 
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THESE ARE NOT 
HOME-MADE TRAINING DEVICES. 


THESE ARE PRODUCTION MODEL 
MICRO-SYSTEMS. 
NO OTHER HOME STUDY SCHOOL 


OFFERS THEM EXCEPT NTS. 


AT Cay 
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IN FACT, NTS ELECTRONICS 
PROGRAMS INCLUDE THE 

~ WIDEST ARRAY OF SOLID-STATE 
AND DIGITAL EQUIPMENT EVER 
OFFERED BY ANY HOME STUDY SCHOOL. 


Now, for the first time, you can learn all about micro- 
computers by working with your own production model at 
home. We’ll explain the principles of troubleshooting and 
testing this remarkable instrument and, best of all, we'll 
a, Sill show you how to program it to do what you want. 

ss VY It’s the perfect opportunity for you to learn BASIC 
i high level language programming and assembly 
| language programming. 
Then, to learn how to localize microcomputer problems 
and solve them, you’ll experiment and test with a digital multi-§ 
meter and other testing gear. 
: But most important, you get to assemble and work with 
today’s most sophisticated microcomputers, not home-made 
training devices. We believe this makes learning a lot more 
relevant and exciting. 
In fact, production-model equipment is featured in all 
14 NTS electronics programs. 
Our Color TV servicing program boasts the NTS/HEATH | 
digital color TV (25” diagonal) you actually build and keep, =A 
In Audio Electronics, you build and keep an NTS/HEATH sie aie mie ones Gas 
digital stereo receiver with 70 watts per channel. 
Whichever NTS electronics program you choose, you can count on working with much 
the same kind of equipment you'll encounter in the field. 


Find out more in our full color catalog on the program of your choice. 


NTS also offers course in Auto Mechanics, 
Air Conditioning and Home Appliances. Check 
card for more information. 



















NATIONAL Gx) SCHOOLS , 


anes | 
ee TECHNICAL-TRADE TRAINING SINCE 1905 p 
oS Resident and Home-Study Schools 

: 4000 South Figueroa St., Los Angeles, Calif. 90037 





1. The NTS/HEATH H-89 Microcomputer features floppy disk stor- ee ee een ae | 
age, “smart” video terminal, two Z80 microprocessors, 16K RAM NATIONAL TECHNICAL SCHOOLS 


: ; ; 4 th Figueroa Street, Dept. 205-040 
memory, expandable to 48K. Available in NTS’s Master Course in og heel Cais 90037 ‘ 
Microcomputers. 


2. The NTS/Rockwell AIM 65 Microcomputer A single board unit Please rush FREE color catalog on course checked below 














featuring an on-board 20 column alphanumeric printer with 20 -] MicroComputers/MicroProcessors (_] Audio Electronics 

character display. A 6502-based unit 4K RAM, expandable. [} Communications Electronics (J Auto Mechanics 

Available in NTS’s Microprocessor Technology Course. _] Digital Electronics (J Air Conditioning 
3. The NTS/KIM-1 Microcomputer A single board unit featuring a _ (1 Color TV Servicing (| Home Appliances 

6 digit LED display with an on-board 24 key hexadecimal 

calculator-type keyboard. A 6502 based microcomputer with 1K ig ee ee ae 

of RAM memory, expandable. Available in NTS’s Master Course in Add 

Electronic and Industrial Technology. ress 

et Set Ony 
NO OBLIGATION. NO SALESMAN WILL CALL. 
APPROVED FOR VETERAN TRAINING. State Zip 





_] Check if interested in G.I. information. 
[] Check if interested ONLY in classroom training in Los Angeles. 
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Start Computing For Just $129.95 With An 
8085-Based Professional Computer Kit— 


Explorer/85 


100% compatible with all 8080A and 
8085 software & development tools! 


No matter what your future computing plans may 
be, Level ‘‘A’’—at $129. 95—is your starting point. 

Starting at just $129.95 for a Level ‘‘A”’ operating system, 
you can now build the exact computer you want. Explorer/85 
can be your beginner’s system, OEM controller, or IBM- 
formatted 8" disk small business system...yet you’re never 
forced to spend a penny for a component or feature you don’t 
want and you can expand in small, affordable steps! 

Now, for just $129.95, you can own the first level of a fully 
expandable computer with professional capabilities—a com- 
puter which features the advanced Intel 8085 cpu, thereby 
giving you immediate access to all software and development 
tools that exist for both the 8085 and its 8080A predecessor 
(they are 100% software compatible)—a computer which 
features onboard S-100 bus expansion—plus instant conver- 
sion to mass storage disk memory with either 5-1/4’ diskettes 
or standard IBM-formatted 8’’ disks. 

For just $129.95 (plus the cost of a power supply, keyboard/ 
terminal and RF modulator, if you don’t have them already), 
Explorer/85 lets you begin computing on a significant level... 
applying the principles discussed in leading computer maga- 
zines. ..developing ‘‘state of the art’? computer solutions for 
both the industrial and leisure environment. 

Level “A” Specifications 

Explorer/85’s Level ‘‘A’’ system features the advanced Intel 
8085 cpu, an 8355 ROM with 2k deluxe monitor/operating 
system, and an 8155 ROM-I/O—all on a single motherboard 
with room for RAM/ROM/PROM/EPROM and S-100 ex- 
pansion, plus generous prototyping space. 

(Level ‘‘A’”’ makes a perfect OEM controller for industrial 
applications and is available in a special Hex Version which 
can be programmed using 
the Netronics Hex Keypad/ 
Display.) 

PC Board: glass epoxy, plated 
through holes with solder mask 
e I/O: provisions for 25-pin 
(DB25) connector for terminal 
serial I/O, which can also sup- 
port a paper tape reader 
...provision for 24-pin DIP 

biests, or industrial con- socket for hex keyboard/dis- 
troller use. play. . .cassette tape recorder in- 
put...cassette tape recorder output...cassette tape control 
output. ..speaker output... LED output indicator on SOD 
(serial output) line. . .printer interface (less drivers). . .total of 
four 8-bit plus one 6-bit I/O ports ¢Crystal Frequency: 6.144 
MHz e Control Switches: reset and user (RST 7.5) 
interrupt. . .additional provisions for RST 5.5, 6.5 and TRAP 
interrupts onboard ¢ Counter/Timer: programmable, 14-bit 
binary ¢ System RAM: 256 bytes located at F80@, ideal for 
smaller systems and for use as an isolated stack area in 
expanded systems... RAM expandable to 64k via S-100 bus or 
4K on motherboard. 
System Monitor (Terminal Version): 2k bytes of deluxe 
- system monitor ROM located at F000 leaving 0000 free for user 
RAM/ROM. Features include tape load with labeling . . . tape 
dump with labeling. ..examine/change contents of memory 
_..insert data...warm  start...examine and change all 
registers. . .single step with register display at each break point, 
a debugging/training feature...go to execution address... 
move blocks of memory from one location to another. . . fill 
blocks of memory with a constant. . .display blocks of memory 
_. automatic baud rate selection. . . variable display line length 
control (1-255 characters/line)...channelized I/O monitor 
routine with 8-bit parallel output for high speed printer... 
serial console in and console out channel so that monitor can 
communicate with I/O ports. 
System Monitor (Hex Version): Tape load with labeling... 
tape dump with labeling. . .examine/change contents of mem- 
ory...insert data...warm start...examine and change all 








Level ‘‘A’’ at $129.95 is a 
complete operating system, 
perfect for beginners, hob- 


F'NetronicsR&DLid, BepLPE4. 


E-4 
333 Litchfield Road, New Milford, 06776 
Please send the items checked below— plus $2 p&ii. 
O Explorer/85 Level ‘‘A’’ Kit (ASCII 
Version), $129.95 plus $3 p&h. 


1 Deluxe Steel Cabinet 








registers. . .single step with register display at each break point 
...g0 to execution address. Level “‘A’’ in the Hex Version 
makes a perfect controller for industrial applications and can 
be programmed using the Netronics Hex Keypad/Display. 


Hex Keypad/Display 
Specifications 
Calculator type keypad with 24 
system defined and 16 user 
defined keys. 6 digit calculator 
type display which displays full 
anal address plus data as well as 
Hex Keypad/Display. register and status information. 


Level “B” Specifications 

Level‘‘B’’ provides the S-100 signals plus buffers/drivers to 
support up to six S-100 bus boards and includes: address 
decoding for onboard 4k RAM expansion select-able in 
4k blocks. . .address decoding for onboard 8k EPROM expan- 
sion selectable in 8k blocks. . .address and data bus drivers for 
onboard expansion. . . wait state generator (jumper selectable), 
to allow the use of slower memories. ..two separate 5 volt 
regulators. 


Level “C” Specifications 
Level “‘C’’ expands Explorer’s 
motherboard with a card cage, 
allowing you to plug up to six 
; : S-100 cards directly into the 

soi Uabmiea aii motherboard. Both cage and 
Explorer/85 with L et cards are neatly contained inside 
“C’’ card cage. Explorer’s deluxe steel cabinet. 
Level ‘‘C’’ includes a sheet metal superstructure, a S-card gold 
plated S-100 extension PC board which plugs into the mother- 
board. Just add required number of S-100 connectors 


Level “D” Specifications 

Level ‘‘D’’ provides 4k or RAM, power supply regulation, 
filtering decoupling components and sockets to expand your 
Explorer/85 memory to 4k (plus the original 256 bytes located 
in the 8155A). The static RAM can be located anywhere from 
0000 to EFFF in 4k blocks. 


Level.“E” Specifications 

Level ‘‘E’’ adds sockets for 8k of EPROM to use the popular 
Intel 2716 or the TI 2516. It includes all sockets, power supply 
regulator, heat sink, filtering and decoupling components. 
Sockets may also be used for soon to be available RAM IC’s 
(allowing for up to 12k of onboard RAM). 


Order A Coordinated 
Explorer/85 Applications Pak! 


Experimenter’s Pak (SAVE $12.50)—Buy Level ‘‘A’’ and Hex 
Keypad/Display for $199.90 and get FREE Intel 8085 user’s 
manual plus FREE postage & handling! 

Student Pak (SAVE $24.45)—Buy Level ‘‘A,’’ ASCII Key- 
board/Computer Terminal, and Power Supply for $319.85 and 
get FREE RF Modulator plus FREE Intel 8085 user’s manual 
plus FREE postage & handling! 

Engineering Pak (SAVE $41.00)—Buy Levels ‘‘A,”’ ‘‘B,”’ 
“Cc,” “D,”’ and ‘‘E’’ with Power Supply, ASCII Keyboard/ 
Computer Terminal, and six S-100 Bus Connectors for $514.75 
and get 10 FREE computer grade cassette tapes plus FREE 
8085 user’s manual plus FREE postage & handling! 

Business Pak (SAVE $89.95)—Buy Explorer/85 Levels ‘‘A,’’ 
“*B,”’? and ‘‘C”’ (with cabinet), Power Supply, ASCII Key- 
board/Computer Terminal (with cabinet), 16k RAM, 12’ 
Video Monitor, North Star 5-1/4”" Disk Drive (includes North 
Star BASIC) with power supply and cabinet, all for just 
$1599.40 and get 10 FREE S-1/4’" minidiskettes ($49.95 value) 
plus FREE 8085 user’s manual plus FREE postage & handling! 


Continental U.S.A. Credit Card Buyers Outside Connecticut 


CALL TOLL FREE 800-243-7428 


To Order From Connecticut Or For Technical 
Assistance, Etc. Call (203) 354-9375 


sonalized disk operating d running!).A 





plug it in and you’re up and running!), 


for ASCII %699-95 plus $5 p&h. i 


OPower Supply Kit for North Star 


O Explorer/85 Level ‘‘A’’ Kit (Hex 
Version), $129.95 plus $3 p&h. 

O 8k Microsoft BASIC on cassette 
tape, $64.95 postpaid. 

O 8k Microsoft BASIC in ROM Kit 
(requires Levels ‘‘B,’’ ‘‘D,’’ and ‘‘E’’), 
$99.95 plus $2 p&h. 

0 Level ‘‘B’’ (S-100) Kit, $49.95 plus 
$2 p&h. 

O Level ‘‘C’’ (S-100 6-card expander) 
Kit, $39.95 plus $2 p&h. 

DO Level ‘‘D’’ (4k RAM) Kit, $69.95 
plus $2 p&h. 

O Level ‘“‘E’? (EPROM/ROM) Kit, 
$5.95 plus 50¢ p&h. 

O Deluxe Steel Cabinet for Explorer/ 
85, $49.95 plus $3 p&h. 

O ASCII Keyboard/Computer Ter- 
minal Kit (features a full 128 character 
set, upper & lower case, full cursor con- 
trol, 75 ohm video output convertible 
to baudot output, selectable baud rate, 
RS232-C or 20 ma. I/O, 32 or 64 char- 
acter by 16 line formats, and can be 
used with either a CRT monitor or a TV 
set (if you have an RF modulator), 
$149.95 plus $2.50 p&h. 

(1 Hex Keypad/Dis $69.95 


lay Kit, 


ee $19.95 plus $2.50 
h. 


() Power Supply Kit (+8V @ 5 amps) 
or sia steel cabinet, $39.95 plus $2 


OO Gold Plated S-100 Bus Connectors, 
$4.85 each, postpaid. 

O RF Modulator Kit (allows you to 
use your TV set as a monitor), $8.95 
postpaid. 

O 16k RAM Kit (S-100 Board expands 
to 64k), $199.95 plus $2 p&h. 

O 32k RAM Kit, $329.95 plus $2 p&h. 

O) 48K RAM Kit, $459.95 plus $2 p&h. 
O 64k RAM Kit,-$589.95 plus $2 p&h. 

O 16k RAM Expansion Kit (to expand 
any of the above up to 64k), $139.95 
plus $2 p&h each. 

© Intel 8085 cpu User’s Manual, $7.50 
postpaid. 

©) Special Computer Grade Cassette 
Tapes, $1.90 each or 3 for $5, postpaid. 

0 12’? Video Monitor (10 MHz band- 
width), $139.95 plus $5 p&h. 

O North Star Double Density Floppy 
Disk Kit (One Drive) for Explorer/ 
85 (includes 3 drive S-100 controller, 
DOS, and extended BASIC with per- 


Disk Drive, $39.95 plus $2 p&h. 

©) Deluxe Case for North Star Disk 
Drive, $39.95 plus $2 p&h. 

© Experimenter’s Pak (see above), f 
$199.90 postpaid. 
© Student Pak (see above), $319.85 
postpaid. 

OO Engineering Pak (see above), 
$514.75 postpaid. 

© Business Pak (see above), $1599.40 | 


postpaid. 

Total Enclosed $ See | 

(Conn. res. add sales tax) By— 

DC Personal Check O M.@./Cashier’s & 

Check 0D Visa C) Master Charge i 
(Bank #______ __) 

Acct. # 


Signature__.—S——CW Exp. Date =i 
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By Netronics 


ASCII/BAUDOT 
STAND ALONE 


Computer ceo. 
Terminal °*149°° — 


The Netronics ASCII/BAUDOT Computer Terminal Kit is a 
microprocessor-controlled, stand alone keyboard/terminal 
requring no computer memory or software. It allows the use of 
either a 64, or 32 character by 16 line professional display for- 
mat with selectable baud rate, RS232-C or 20 ma. output, full 
cursor control and 75 ohm composite video output. 

The keyboard follows the standard typewriter configuration 
and generates the entire 128 character ASCII upper/lower case 
set with 96 printable characters. Features include onboard 
regulators, selectable parity, shift lock key, alpha lock jumper, 
a drive capability of one TTY load, and the ability to mate 
directly with almost any computer, including the new Ex- 
plorer/85 and ELF products by Netronics. 

The Computer Terminal requires no I/O mapping and 
includes 1k of memory, character generator, 2 key rollover, 
processor controlled cursor control, parallel ASCII/BAUDOT 
to serial conversion and serial to video processing—fully 
crystal controlled for superb accuracy. PC boards are the 
highest quality glass epoxy for the ultimate in reliability and 
long life. 


VIDEO DISPLAY SPECIFICATIONS 


The heart of the Netronics Computer Terminal is the micro- 
processor-controlled Netronics Video Display Board (VID) 
which allows the terminal to utilize either a parallel ASCII or 
BAUDOT signal source. The VID converts the parallel data to 
Serial data which is then formatted to either RS232-C or 20 ma. 
current loop output, which can be connected to the serial I/O 
on your computer or other interface, i.e., Modem. 

When connected to a computer, the computer must echo the 
character received. This data is received by the VID which 
processes the information, converting to data to video suitable 
to be displayed on a TV set (using an RF modulator) or on a 
video monitor. The VID generates the cursor, horizontal and 
vertical sync pulses and performs the housekeeping relative to 
which character and where it is to be displayed on the screen. 


Video Output: /.5 P/P into 75 ohm (EIA RS-170) ¢ Baud Rate: 


110 and 300 ASCII ¢ Outputs: RS232-C or 20 ma. current loop 
e ASCII Character Set: 128 printable characters— 


aft§ cOrrpvtlevoloss3° 22st f | tate 

BER’ (e+, -, /0123456789: <=)? 
@ABCDEF GHI JKLMNOPORS TUUWKYZ(\.)*_ 
‘ abcdef ghi jklanoparstuvwxyz{i +9 


BAUDOT Character Set: ABCDEFGHIJKLMNOPQ 
RSTUVWXYZ-?:*33#().,9014!57;2/688 
Cursor Modes: Home, Backspace, Horizontal Tab, Line Feed, 
Vertical Tab, Carriage Return. Two special cursor sequences 
are provided for absolute and relative X-Y cursor addressing ® 
Cursor Control: Erase, End of Line, Erase of Screen, Form 
Feed, Delete © Monitor Operation: 50 or 60Hz (jumper 
selectable. 


Continental U.S.A. Credit Card Buyers Outside Connecticut 


CALL TOLL FREE 800-243-7428 


To Order From Connecticut Or For Technical pagum 

Assistance, Etc. Call (203) 354-9375 “Tl 
Netronics R&D Ltd., Dept. PE-4 i 
333 Litchfield Road, New Milford, CT 06776 


Please send the items checked below— 

© Netronics Stand Alone ASCII Keyboard/Computer 

Terminal Kit, $149.95 plus $3.00 postage & handling. 
Deluxe Steel Cabinet for Netronics Keyboard/Termi- 
nal In Blue/Black Finish, $19.95 plus $2.50 postage 
and handling. 

Video Display Board Kit alone (less keyboard), $89.95 
plus $3 postage & handling. 

12’ Video Monitor (10 MHz bandwidth) fully assem- 
bled and tested, $139.95 plus $5 postage and handling. 
RF Modulator Kit (to use your TV set for a monitor), 


; 
: 
[ 
$8.95 postpaid. 
: 
A 
i 





COMPLETE 
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5 amp Power Supply Kit In Deluxe Steel Cabinet 
(+8VDC @ 5 amps, plus 6-8 VAC), $39.95 plus $2 
postage & handling. 

gm Total Enclosed (Conn. res. add sales tax) $ 

By— 
() Personal Check 
(J Visa 


Acct. # 
Signature 2 0 ee ete ae 
Print i 


| Name a 


O Cashiers Check/Money Order 
C Master Charge (Bank #____ __ ___) 








Address 








City 
i : 


State Zip 
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EXTRA KEY BOARDS continued 


Before you install the connecting socket 
on the computer, make temporary con- 
nections to a row and column line to 
determine whether this method is suit- 
able for your keyboard. Once you have 
determined that your computer can, 
indeed, tolerate a tandem keyboard, you 
can proceed to modify it. 


Cable Connections. Open the TRS- 
80’s cabinet, following instructions de- 
tailed in the Technical Reference Manu- 
al. Carefully raise the keyboard to avoid 
any strain on the short ribbon cable that 
connects the two boards. Pull off the 
board spacers and set the keyboard on 
its kKeytops in front of the cabinet with 
the main circuit board riding loosely in 
the bottom half of the cabinet. Although 
the CPU and several other MOS devices 
wired into the circuit are largely pro- 
tected from static discharge, it still pays 
to observe standard handling precau- 
tions when working with MOS circuits. 

Locate the eight column line resis- 
tors, which are clearly identified on the 
keyboard. Mark the solder pad at the 
lower end of each resistor with its asso- 
ciated column line. You may or may not 
be able to locate row lines at row-line 
buffers because some buffers were 
interchanged in some keyboard models. 
A better approach would be to identify 
row lines directly at the key terminals. 

For the TRS-80, touch the negative 
(com) lead of an ohmmeter set to a 
medium range, to limit current, to column 
line D1 at the lower end of resistor R5 
and the other test lead to either terminal 
of keyswitch A (see board labelling). If 
you obtain a zero resistance reading, 
the remaining terminal is row line AO; but 
if resistance is infinite, the terminal being 
tested is row line AO. Label the solder 
pad as AO. Similarly, select other keys 
and locate all row lines. Keyboard 
ground is line 19 on the board’s intercon- 
nect cable. Line 1 is at the extreme 
edge of the keyboard. Trace ground to a 
convenient solder pad location. 

Decide how you wish to route a cable 
-from the computer’s or terminal’s cabi- 
net. There is ample unused space at the 
edges of the keyboard in the TRS-80 for 
installation of an internal disconnect. For 
a clean cable exit away from heat sinks 
and main-board adjustment pots, locate 
the disconnect at the front edge and 
pass the cable through the front. 

A 16-pin DIP socket that mates with a 
DIP patchcord is very easy to install. 
When not in use, the exposed male pins 
at the other end of the patchcord can be 
protected with a DIP socket. Less easily 
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installed is a male IDC (insulation dis- 
placement connector) made up of Wire 
Wrap posts inserted on the keyboard to 
allow use of female IDC patchcords. 
Also, IDC cables are more rugged, easy 
to assemble and patch end-to-end with 
homemade adapters. 

Cover the main circuit board to 
exclude debris and solder splatter. With 
a wood-block backup, drill the keyboard 
to accept the 16-pin socket, using p- 
pattern board retained with double-stick 
tape as a drilling template. For the male 
IDC, drill 0.042” (1.1-mm) holes to 
accept 20 Vector No. T46-5-9 wrap 
posts. For front exit, position the discon- 
nect as far from the edge as possible, 
but do not drill into board traces! Nor- 
mally, the male IDC is formed using the 
No. MB45-20 perforated alignment block 
to back up the board and maintain the 
installed pins perpendicular. However, to 
use this block, you must remove both 


boards from the cabinet to obtain clear- | 


ance. Lacking the alignment block, use 
a hardwood block for board backup, 
keeping it very close to the pin. If you 
remove the main board from the cabinet, 
do not disturb trimpots on it. 

Use a Vector No. P205 board-pin 
insertion tool to instali No. T46-5-9 wrap 
posts for the male IDC. This tool eases 
installation of pins with cross bars in 
alignment as required to accept a 
female IDC plug. Lacking this tool, over- 
drill board holes slightly to ease pin 


insertion and install using longnose 
pliers. Wire the connections to the 
marked row and column lines. Use the 
four extra wires on the 20-conductor IDC 
cable as a ground screen. Assign the 
outermost and two intermediate conduc- 
tors to ground. Check soldered connec- 
tions for presence of solder splatter and 
excessive solder. Install the keyboard 
into the cabinet and straighten any mis- 
aligned wrap posts on the top with long- 
nose pliers. 

Install a 12’’ (305-mm) cable for front 
exit. Fabricate the IDC cable using Vec- 
tor No. KS2-20 20-pin female IDC plugs 
and mating cable No. KW2-20-10. Press 
the IDC plug onto the end of the cable 
using a smooth-acting vise or use the 
P 187 IDC fixture. For a longer cable run, 
make a second 24” (610-mm) cable and 
fabricate a male IDC adaptor to join IDC 
cables end to end. Cut the top half or 
long end of the No. T46-5-9 wrap post 
down to 1/4"’ (6.4 mm), round off the burr 
and install posts on a small piece of 
perforated board. Note: you can face 
IDC plugs the same way or one up and 
one down on a Cable. If you use a cable- 
splice adaptor in lieu of changing the 
entire cable, you must use the adaptor in 
every setup because cable line transpo- 


sitions occur at the splice. 


Keyboard Assembly. Inexpensive sur- 
plus desktop calculator keyboards as 
shown in the photos are suitable for tan- 





Desktop calculator keyboard can be cut apart to make smaller keypads. 
The pencil at right points to removed top part of keyswitch. 
Topside brass stampings form part of switch and key strings. 
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‘Schematic shows 8 X 8 matrix layout of the TRS-80 keyboard, which 1s 
typical of boards of this type. A keyswitch is located at each 
intersection of the matrix to generate an output for a specific character. 


dem hookups and require only slight 
alterations. The key bodies are thermal- 
ly staked to the phenolic board, and one 
terminal of each switch is available on 
the bottom. A top-side circuit made up of 
thin brass stampings serves as switch 
contacts and interconnecting lines to 
form key strings that have a common 
connection. The top portion of each 
switch is removable to reveal the work- 
ing parts and snap-action disc. 

Let us implement a numeric keypad 
for the TRS-80. From the keyboard 
matrix diagram, keys O through 7 require 
a 1X 7 matrix or key string, with the 
common side of the switches connected 
to row line A4 and the isolated side of 
the switches connected to the column 
lines. Keys 8, 9, and decimal point 
require a 1 X 3 key string, with the 
common side of the switches connected © 
to row line A4 and the isolated side of 
the switches connected to the column 
lines. Keys 8, 9, and decimal point 
require a 1 X 3 key string, with the 
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common side of the switches connected 
to row line A5 and remaining switch ter- 
minals connected to column lines DO, 
D1, and D6. The numeric set of this 
keyboard was a 1 X 10 key string, with 
keys 8, 9, and decimal point at one end 
of the string. 

To separate the required 1 X 3 key 
string, cut off four plastic nubs on the 
bottom and remove the number 7 key 


‘body. Use a fine-toothed, broken-off 


hacksaw blade to cut the metal band 
alongside key 8 and remove the top part 
of the switch body. Sparingly, apply 
epoxy cement to the plastic pegs of the 
key body and install using a clamp for a 
tight fit. Clean switch parts with alcohol 
and reassemble the switch. 

Trim and install the keypad in a small 
case. The numeric keypad shown is 
housed in a Vector No. W20-46-31B 
Multi-Mod case. The trimmed keypad 
slides into case-card grooves. Punch 
holes in the panel using a Greenlee 
chassis punch to pass the key shanks. 


Using the full keyboard, install in the 
Vector No. 51X-1 aluminum frame. Trim 
the keyboard to length to fit frame 
grooves and cut a top panel to size. 
Secure the keyboard to the punched 
panel using four machine screws and 
extra nuts for spacing. Finally, mark key- 
switch terminals with the required row 
and column lines and wire to an IDC male 
connector or DIP socket. The aluminum 
frame accepts the M6088-3-1 perfo- 
rated bottom plate; otherwise, cut a 
plate to size and install. 

Assign extra keys to any desired 
matrix character or command. Six keys 
already wired in a 1 x 6 key String pro- 
vide hex letters A through F. With some 
trace cutting, remaining keys can be 
assigned to the TRS-80 T-Bug monitor 
commands. Two keys on this keyboard 
were latching on/off switches. We 
removed the top part and snap disk from 
two switches of a spare keyboard and 
installed them in the on/off switch bod- 
ies. Then we relabelled keytops. 

Keyswitches on a full typewriter key- 
board are usually fully isolated, normally- 
open spst types, but check before you 
buy. The surplus typewriter keyboard 
may differ in some respects and may 
contain extra keys and keytop label vari- 
ations. With some relabelling of keys, 
these make excellent tandem key- 
boards that allow a student and instruc- 
tor to operate the same computer from 
different locations. 

The possibility of connecting several 
additional keyboards in tandem may 
occur to some readers. However, you 
cannot run long lengths of ribbon cable 
with wild abandon. Our tandem key- 
board was tested using 10’ (about 3 
meters) of KW2-20 ribbon cable with 
four lines assigned as a ground screen. 
This is not good practice because the 
lengthy cable is not adequately buffered 
and is not fully ground-planed. Also, its 
lines are not terminated. The TRS-80 
performed satisfactorily but in all likeli- 
hood with a reduction in noise margin. It 
is recommended. that cable length be 
limited to 4’ or 5’ (1.2 to 1.5 m) and no 
more than required in any case. 


Conclusion. From the foregoing, you 
can readily see that adding a keyboard 
in tandem with one in an existing com- 
puter system or terminal is a relatively 
simple matter. Although we used a 
Radio Shack TRS-80 computer to 
demonstrate how to perform the modifi- 
cation, the procedure is readily adapta- 
ble to most other types of personal com- 
puter systems. © 
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Fountain. 


YOUR ULTIMATE AIR FRESHENING/ 
IONIZING SYSTEM. TOP QUALITY. 
LOW PRICE. STATE OF THE ART. 


Breakthrough. The new lon Fountain” is 
in aclass by itself. This negative ion genera- 
tor gives you power to saturate your home or 
office with billions of refreshing ions. With- 
out fans or any moving parts it puts out a 
pleasant breeze. A pure flow of ions pours 
from the top like water from a fountain, filling 
your room. The result? Your air feels like 
fresh ocean air—pure, crisp, and wonder- 
fully charged. 

The price? Only $79.95. That's a price 
breakthrough because no other company 
can offer you a unit with higher ion output or 
better quality than the lon Fountain”, even at 
triple our price. 


HOW CAN WE DO IT? 

Six years of experience helps. Plus a lot 
of ingenuity, aggressive research and a 
personal commitment to give our customers 
the best we can. 

UTP lon Research Center is a branch of 
our educational publishing company. And 
our commitment in publishing to give birth 
to new ideas and methods that enrich 
humanity is part of the lon Research Center 
too. We're in business to serve you and your 
environmental needs. 


WHAT ARE IONS? 

lons are electrically charged atoms in the 
air with either a positive or negative charge. 
The sun and cosmic rays as well as lightning 
and fast-moving water (like waterfalls, surf) 
generate trillions of negative ions every day. 
The more negatively ionized the air, the 
fresher and more alive it is. Air pollution, 
artificially controlled climates (with air con- 
ditioning and heating) and electronic equip- 
ment all produce excess positive ions, depriv- 
ing the air of these small negative air ions 
and creating dead “stuffy” air. 


WHAT'S THE SOLUTION? 

Our rapid-growth technology, which 
sometimes takes its toll on the quality of our 
air, has also come up with the solution. 
Following Nature’s model of the thunder- 
storm which uses a high electrical charge to 
purify, revitalize and stimulate the air, the 
UTP Air Energizer has been developed imitat- 
ing this process. Both the thunderstorm and 
the Air Energizer fill the air with negative 
ions, restoring the natural electrical balance 
to the polluted, energy-depleted air. But the 
lon Fountain can be used indoors in the 


home, office, workshop, laboratory, etc., (\ 


‘keeping a fresh supply of ionized oxygen 
available night and day. This new break- 
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which masks or deodorizes. The unit actually 
removes the dust, smoke, bacteria and pollen 
particles from the air by attaching ions to 
them and causing them to sink to the earth 
where they can be vacuumed up rather than 
inhaled. At the same time ions electrically 
stimulate the energy-stripped air. 


YOUR CHOICE 
OF TWO TOP-QUALITY UNITS! 

There's only one unit that's better than 
the lon Fountain. Thats our own Executive 
System Four”. It sells for $159. It has an 
even higher ion output. Plus! Our special 
Dial-An-lon feature allows you to adjust the 
ion output anywhere from low to high. Not 
everyone knows that the need for ions 
varies. A large smoky room will require 
higher output than a small room. And some 
people want fewer ions while sleeping than 
while working. The new Executive System 
Four is cur answer to this need for output 
flexibility. 


FACTS YOU NEED TO KNOW 
The lon Fountain"—System Five 
lon density: 430,000 ions per cm?/sec. 
at 1 meter. 1.55 million ions 
per cm at 50 cms. 


Use: Large room or office—9000 
Cu. ft. 

Warranty: 1 year 

Output voltage: 15KV 

Ozone: Less than 2 parts per billion 

Dimensions: 5% x 4%" x 2%" 


Executive System Four” 
lon density: Low to maximum of 540,000 


ions per cm? at 1 meter. 1.6 
x 106 ions per cm® at 50 


cms. 
Output voltage: 15KV 
Ozone: Less than 2 parts per billion 
Dimensions: $3 x 4" 
Use: Large room or office 10,000 
Cu. ft. 
Warranty: 1 year 


If the Executive System Four is better, 
why did we bring out the lon Fountain? Not 
everybody is willing to pay $159 for an air 
ionizing unit, no matter how good it is. Just 
like not everyone drives Rolls Royces. Most 
drive less expensive cars. The Executive 
System Four is for the person who wants the 


338-9436. 


CIRCLE NO. 55 ON FREE INFORMATION CARD 


source. Very high in other nutrients too. Find out how you can be a commissioned representative of 
the Light Force Family and distribute Spirulina in either bulk or as special vitamin supplements. () 
\) Generous commissions and opportunities available. Phone or write for your free information. (408) 
: Please do not use the toll-free number for information. 
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absolute best quality and doesn’t mind pay- 
ing a little extra to get it. If you want highest 
ion output, flexibility, and a beautiful oak 
paneled case, buy the Executive System 
Four. — 

If you want something at half the price of 
the Executive System Four, but still better 
than any other units costing up to $250, buy 
the lon Fountain. 


HOW TO GET ONE 

To place your order now just send a 
check for $79.95 plus $3 shipping for the lon 
Fountain. Or send $159 plus $4 shipping for 
the Executive System Four. Tell us your full 
street address as we cannot ship to Post 
Office boxes. (California residents add 6% 
sales tax.) 

Our unit is dependable and trouble-free, 
but if by rare chance any problems occur our 
service-by-mail center sends off your unit 
within 24 hours of receipt or sends a replace- 
ment so you are not without fresh air and can 
enjoy your dust-free environment. And each 
Air Energizer is backed by a full one-year 
limited warranty. 


HOW TO GET ONE FAST 
Credit card holders can call our toll-free 
number below. Order a unit now and if you 
are not satisfied with its effects within 10 
days simply return it for a full cash refund. 
Order your Air Energizer today. 


Read ‘‘The Golden Egg” 





University of the Trees Press . 

ION RESEARCH CENTER , Dept. PE4 
Box644 BOULDER CREEK, CA95006 
Call Toll-Free . . . 800-538-0750 

In California call (408) 338-6663 
Send check or use your Master Charge, 
Visa or American Express card. 


DETECT YOUR IONS 
This simple but accurate detector instantly 
gives you a reading of ion intensity. 
The Econometer....(Pen Size). ...$7.50 
[lf ordering separately include $2.00 for 
shipping.] 





















Comparator /C2 determines the ac- 
tual trigger point on the input waveform. 
Two modes of operation are selectable 
via S4. In norm, the /C7 signal is com- 
pared with a dc voltage set by TRIG LEVEL 
control A7. When the voltage at the + 
input of /C2 exceeds that at its — input, 
IC2’s output swings positive, and vice 
versa. Resistor R710 adds positive feed- 
back to the circuit, and the approxi- 
mately 0.5-volt hysteresis prevents gen- 
eration of multiple outputs with noisy 
input signals. 

In auto, R7 is switched out of the 
circuit and is replaced by A717 and C4. 
Now, /C2 operates as an astable multivi- 
brator at approximately 50 Hz in the 
absence of an input signal. This provides 
a constant scope trace base line for 
operator convenience and allows dc 
input levels to be measured. 

When a greater than 50-Hz signal is 


applied to the input, /C2 automatically 
synchronizes to the input signal. With S4 
set to NorM, S3 selects triggering on 
either the positive or the negative slope 
of the input waveform. When S4 is set to 
AUTO, S3 has no effect. 

The remainder of the circuit controls 
the charging and discharging of C, to 
produce the sweep waveform. When the 
circuit is quiescent (not triggered), the 
not-Q output of /C3 is high and Q1 con- 
ducts to discharge C, and prevent 
recharging as long as not-Q is high. 
Note that not-Q also sets the J input of 
/IC3 to high. Since the K input is tied to 
ground, the flip-flop must change states 
on the next clock input. 

When the positive-going edge of the 
trigger pulse is applied to the CK input of 
IC3, the flip-flop changes states. Now, 
Q7 cuts off and allows C, to charge 
through CA7 to produce a linear sweep. 


MCI4027 
CKR K J 


CK 


When not-Q goes low, Q goes high 
and TRIGGERED LED? comes on to signal 
that triggering has occurred. The J and 
K inputs of /C3 are now both low, and the 
flip-flop is immune to any trigger pulses 
that might occur in the sweep. 

The selected C, capacitor charges 
until the voltage across it just exceeds 


the voltage at the A15/A716 junction. 


When this occurs, comparator /C4, 
whose output has been at near ground 
potential, generates a positive reset 
pulse for /C3. This forces /C3 back into 
quiescence, turning off LED 7 and turning 
on Q7 to rapidly discharge C,. As C, 
rapidly discharges, the scope’s electron 
beam rapidly retraces to the starting 
position on the left side of the scope 
CRT screen. 


Construction. With the exception of $7 
through S5, R7, and LED1, which mount 
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Fig. 2. An actual-size etching and drilling guide 
for a printed-circuit board 1s shown at top. 
Below it is guide for component placement. 


on the scope’s front panel, all compo- 
nents mount on a small printed-circuit 
board. An actual-size etching and drilling 
guide for the board is shown in Fig. 2. 
During installation of the components on 
the board, be sure to observe the proper 
polarities and orientations of the diodes, 
CR1, and ICs. Also, be sure to observe 
the safe handling procedures for /C 1 and 
IC3, which are MOS devices. 

The C, timing capacitors mount 
directly on sweep sPEED switch S5. No 
values are given for these capacitors in 
the Parts List since they are hand 
selected to minimize cost while provid- 
ing the necessary accuracy. More about 
this under Calibration. 

The’ circuit board is best mounted 
inside the scope, although a separate 
case can be used if desired. Inside the 
scope, try to locate the board as far as 
possible from heat-producing compo- 
nents. Unless you wish to retain the 
recurrent-sweep generator in the scope, 
disable this circuit and remove the 
associated controls from the front panel. 
When mounting the TRIG LEVEL control, 
switches, and LED7/ on the panel, it may 
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be necessary to drill additional holes to 
accommodate them. 

You may wish to use a rotary switch 
ON TRIGLEVEL Control R7 for S4 instead of 
a miniature toggle switch. This will allow 
you to turn R7 to one end of its travel to 
switch the circuit to auto. Also, if you 
wish to avoid drilling holes in your 
scope, S7 and S2 can be replaced by a 
double-pole, four-position rotary switch. 

If your scope has a + 18- to + 30-volt 
power supply, you can omit RECT? and 
connect the dc supply to the input of /C5. 
Alternatively, you can use a small fila- 
ment transformer rated at 14 to 22 volts 
rms to supply power. The circuit draws 
typically 20 to 25 mA. 

The pickoff point for the trigger signal 
depends on the scope being modified. 
Ideally, it should be at a point in the 
scope’s vertical amplifier after the input 
attenuator and any gain controls so that 
the input voltage varies over a limited 
range, in the region of 0.5 to 20 volts 
peak-peak. (Refer to the schematic dia- 
gram of your scope.) In some cases, the 
scope manufacturer will make this easy 
for you by using such a point as a source 


of sync signal to the recurrent sweep. 
Your scope may have a horizontal 
mode selector that provides sync from 
+ and — slopes of input signals, as well 
as from the 60-Hz line and external 
sources. This type of selector is an ideal 
trigger pickoff point and provides 
switch-selectable trigger signals. If such 
a switch is present, S3 in the project is 
redundant and can be eliminated. It is 
very useful to have the capability to con; 
nect the input of the trigger circuit direct- 
ly to the external input jack because in 


‘some cases the poor response of the 


scope’s vertical amplifier will severely 
limit trigger generator performance at 
high frequencies. : 

Connect the sweep output to the input 
of the scope’s horizontal amplifier. 
Direct coupling works best. With capac- 
itive coupling, you will have to keep | 
recentering the trace as the average dc 
level of the sweep waveform varies with 
changing proportions of sweep period 


and repetition rate for different signals. 


In some cases, the coupling capacitor at 
the input of the scope’s horizontal ampli- 
fier can be removed if it is not blocking a 
dc bias level that will be fed into the 
sweep circuit. The sweep output of the 
trigger circuit is designed to be connect- 
ed to a typical horizontal amplifier that 
has a 1-megohm or greater input imped- 
ance. Lower impedances will shunt 
charging current from C, and generate a 
nonlinear sweep waveform. 

If the circuit you are driving has less 
than 1-megohm input impedance, use a 
buffer amplifier between it and the trig- 
ger sweep. A CA3130 op amp connect- 
ed in a standard voltage-follower config- 
uration, powered from the existing single 
15-volt supply, will do. 

The Q and not-Q outputs of /C3 
should go to pads for connection to the 
Z-axis circuit of the scope to provide 
retrace blanking. The not-Q output is at 
O volt during the sweep and switches to 
+ 15 volts during retrace, while the Q 
output is complementary to this. Choose 
the output that is correct for your scope. 
Again, dc coupling is preferred if avail- 
able in your scope. Capacitive coupling 
will differentiate the blanking pulse. 
While you may get satisfactory retrace 
blanking, the beam can recover its 
brightness before beginning the next 
sweep, resulting in a vertical line at the 
left side of the trace. Also, when sweep 
begins, the blanking signal switches 
state rapidly, causing the coupling ca- 
pacitor to charge in the opposite direc- 
tion and resulting in undesirable intensi- 
fication of the trace. 
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AMPLITUDE 


INPUT: 60Hz 
C1, PING (OUTPUT) 


IC2, PINT (OUTPUT) 


IC3, PIN15 (Q) 


IC4, PIN2 (+) 


Fig. 3. Representative waveforms to be used in 
troubleshooting, with S1 on X1, S2 open, S3 on +, 
S4 on NORMAL, R7 three-quarters CCW and the 


tuming capacitor selected for 1 ms/div. 


The last problem can be reduced by 
first passing the blanking signal through 
One coupling capacitor to differentiate it 
and then diode clipping the unwanted 
half of the resulting waveform and finally 
connecting this signal to the Z-axis cou- 
pling capacitor. 

A word of caution: In many scopes, 
the coupling capacitor is connected 
directly to the grid or cathode circuit of 
the CRT, which may be operating at 
1000 or more volts. Do NOT attempt to 
bypass this capacitor or serious dam- 
age will result. A coupling capacitor can 
be removed from the circuit only if it is 
not blocking a dc bias voltage. 


Test and Calibration. Temporarily 
connect a 1-uF tantalum capacitor 
across the C, terminals, observing po- 


larity. Turn on the scope and adjust for a 


moderate-intensity dot in the middle of 
the screen. Apply power to the sweep 
circuit. Set S4 to auto; a horizontal base- 
line trace should appear on the CRT and 
the TRIGGERED LED should come on. With 
this value of capacitor, the trace and 
LED indicator should flicker rapidly at 
the same rate. 

If a trace does not appear, check the 
SCOpe’S BRIGHTNESS Control and for + 15 
volts on the trigger-sweep bus. Repre- 
sentative waveforms for trouble-shoot- 
ing are shown in Fig. 3. In this test, S7 is 
set to X 1, S2is open, S3is at +, S4is 
set to NORMAL, A7 is three-quarters CCW, 
and C, is selected for 1 ms/division. 
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Using this setup, apply a 1-volt, 60-Hz 
sine-wave signal to the scope’s vertical 
input. The sweep should automatically 
lock onto this signal and a steady dis- 
play of three to four cycles should be 
seen on-screen. Check for any obvious 
nonlinearities. Rotate TRIG LEVEL control 
R7; the trace should disappear and 
reappear and the trigger level should 
vary up and down one side of the sine 
wave. Also note the change in the sensi- 
tivity of AZ when atTeENuATOR S7 is 
switched from X1to X10. 

Center the scope trace and note its 
length. Before you can calibrate the 
sweep for a given time per unit length, 
overall length of the sweep must be set 
to a given repeatable value. (To ensure 
that the sweep is not inadvertently 
adjusted after calibration, the horizontal- 
gain control can be mounted inside the 
scope, or it can be replaced with a pair 
of fixed resistors.) 

Adjust the length of the trace to fill the 
screen. In some cases, the frequency 
response of the scope’s horizontal am- 
plifier may roll off at a lower frequency 
than those generated by this circuit at 
the highest sweep speeds, resulting in a 
shorter trace. You can compensate for 
this by setting the horizontal gain so that 
the trace is longer than the width of the 
screen at slow speeds. This will not 
affect accuracy at any speed, since 
each range is individually calibrated. 

To calibrate the sweep, you need a 
source of reasonable-accuracy (1% will 





do) square waves. A crystal-controlled 
timebase is ideal. You can also use a 
signal generator and frequency counter. 

Before starting, wire the pc board ter- 
minals to the rotor connections of SWEEP 
SPEED selector S5, using a length of two- 
conductor cable that will be appropriate 
for the physical layout of your scope. It 
is important that you do this before cali- 
bration because the capacitance of the 
cable will be in parallel with the selected 
timing capacitors and at the highest 
sweep speeds will comprise a large por- 
tion of the timing capacitance. 

Begin calibration at the highest 
sweep speed and work down. With the 
Capacitance of the cable serving as the 
timing capacitor, feed a 1-MHz square 
wave to the scope’s input. Adjust the 
trigger and scope controls for a stable, 
centered display. To obtain a stable dis- 
play with low-bandwidth scopes, the 
vertical amplifier may have to be 
bypassed with the sweep circuit input 
connected directly to the signal source. 
Experiment with several different capac- 
itors connected to the switch until you 
find the value that produces a sweep 
speed closest to the desired 0.5 us/ 
division but not slower than this. That is, 
one cycle should occupy two divisions 
or slightly more. Unless you have a large 
number of capacitors on hand, you will 
find that the best way to obtain the 
exact Capacitance value needed will be 
to parallel one capacitor with a lower- 
value capacitor until you obtain the 
desired display. Do your measuring 
between corresponding points in differ- 
ent cycles of the waveform. Do not, for 
example, measure between a rising and 
a falling edge of one cycle or of conse- 
Cutive cycles. By following this rule, you 
will avoid errors introduced by assym- 
metry in the signal source and splaying 
or overshoot of the trace itself. For best 
results, choose two points separated by 
about six or eight divisions and equally 
spaced from the center line of the scope 
screen. 

In the same manner, select the 
remaining timing capacitors, soldering 
them to the lugs of S5 as you proceed. 
The next value should produce a 1-us/ 
division sweep speed, then 2 us/divi- 
sion, 5 us/division, etc., in the 1-2-5 
format. For values larger than 0.5 uF or 
So, use high-quality tantalum capacitors 
and take care to observe polarity. 


Operating Hints. The triggered-sweep 
circuit is very easy to use. For most 
applications, leave the input amplifier 
selector set to X10 and set the mode 
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switch to auto. Then set the number of 
cycles of the waveform you wish to view 
with sPeeD selector S5. The period of any 
waveform can be obtained directly from 
the screen as the time it takes the beam 
to ‘‘write’’ one cycle, while the frequen- 
cy is the reciprocal of this time. 

Obtaining a stable display of a frac- 
tion of a repetitive waveform cycle is 
also easy. First, adjust the scope’s ver- 
tical-gain, brightness, and centering con- 
trols for a stable display of several 
cycles. Set S4 to norm and adjust A7 
until the beginning of the portion of inter- 
est is at the left side of the screen. 

Large-amplitude signals may drive 
IC 1 into saturation, causing clipping and 
an apparent reduction in the range of the 
TRIG LEVEL control. If you cannot position 
the waveform properly, close S7 to 
reduce the gain of the input op amp 
stage to unity. 

Once the waveform is positioned, 
increase sweep speed until desired 
magnification is reached. Advance the 
brightness as necessary. When using 
very high-speed sweeps with relatively 
low-repetition-rate triggers, the scope 
beam and TricGeRED LED will be very dim 
or appear to be off even when a sweep 
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is present. This is due to the very low 
duty cycles in these situations. 

As mentioned previously, bandwidth 
and/or noise limitations of the vertical 
amplifiers of some low-cost scopes may 
make triggering on high-frequency sig- 
nals jittery at best or even impossible. In 
some of these cases (CMOS or TTL 
logic running in the low megahertz- 
range, for example), where signal ampli- 
tudes are in the 1-to-20-volt range and 
circuit loading tolerance is not too criti- 
cal, the trigger signal can be routed 
directly to the input of the scope sweep 
Circuit. 

Another situation in which the best 
choice of trigger source is not immedi- 
ately obvious occurs when you are look- 
ing for 60-Hz line noise. For example, if 
you are checking the output of a dc 


power supply with 1 or 2 mV of ripple, 


there will often be insufficient gain in the 
scope’s vertical amplifier to yield a 
clean trigger pulse and the sweep will 
run free. However, since the ripple will 
occur exactly at the power-line frequen- 
cy or a whole-number multiple thereof, 
syncing the sweep to the 60-Hz line will 
provide a rock-steady trace. 

Providing a trigger-source selector 


Price Without Sacrifice. 


HITACHI V-302 & V-152 


Put a proven Hitachi dual-trace oscilloscope on your bench 
for as little as $695. Our V-152 15MHz model includes un- 
precedented sensitivity (1 mV/div.)...10X sweep magnif- 
ication...front panel XY operation...trace rotation...Z-axis 
input...and more. Need greater bandwidth? Our V-302 
model is the only 30MHz dual-trace scope with signal delay 
line priced under $1000, with all the above features, to 
make your testing operations fast, easy, and accurate. 
Reliability is exceptional, too. (As you'd expect from a 
manufacturer with over 20 years of experience “outscop- 
ing” the competition.) So exceptional, in fact, that Hitachi 
quality is backed by a 2-year warranty...the longest in the 
industry. Whether you use it for teaching or repairs, for 
video, audio, or computer testing, you can’t find more 
scope for your dollar than at Hitachi. Write for more details. 


Hitachi..The measure 
of quality. 


@ V-152 15 MHz Dual Trace . . .$695* 


@ V-302 30 MHz Dual Trace. . .$945* 
*Probes included. 


6 HITACHI 


Hitachi Denshi America, Ltd. 
175 Crossways Park West 
Woodbury, NY 11797 

(516) 921-7200 
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switch that can disconnect the input of 
the sweep circuit from the vertical ampli- 
fier and connect it to an internal line- 
voltage source simplifies sweep sync- 
ing. The pickoff point can be the secon- 
dary of any low-voltage transformer in 
your scope. 

If you wish to gate an external device, 
such as an oscillator, in sync with the: 
sweep generator, a CMOS-compatible 
signal is available at the Q output of /C3, 
which is at O volt during retrace and 
+ 15 volts during sweep. The inverse of 
this is present at not-Q. In some applica- 
tions, you may wish to sweep an exter- 
nal oscillator directly, using the sweep. 
output of the circuit. Use a buffer ampli- 
fier if necessary to prevent excessive 
loading by low-impedance inputs. 


Summing Up. By substituting the high- 
performance triggered sweep described 
here for the recurrent sweep in an older 
scope, you can upgrade the instrument 
to permit better waveform analysis as 
needed for examining modern circuits. 
Cost is modest and installation is fairly 
simple. It will also enable you to hold off 
on purchase of a costly modern scope 
for a while longer. © 
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BY COLLEEN McNEICE 
AND ROGER COTA 








BUILD A 


VOCAL 
me 
ANALYZER 


O-CALLED “electronic lie detec- 
tors’ have become controversial 
items. Some workers in the fields of 
security and law-enforcement swear by 
them, while others (including some psy- 
chologists) hold that the principles on 
which the devices are based are ill- 
founded and unscientific. Still other indi- 
viduals denounce the application of lie 
detectors as an invasion of privacy. 
Actually, the best that these detec- 
tors can do is measure psychological 


stress. Even then, the measurement is 
indirect. Basically, the device makes its 
determination by sensing an effect of 
one type or another that many research- 
ers believe is an accurate indicator of 
stress. Validation studies have been 
used to compile an impressive record of 
successes, but it should be remem- 
bered that a high degree of interpreta- 
tional skill is required and there is 
always an appreciable probability for 
error in using such an instrument. 

One popular indicator of stress has 
been the relative amplitude of certain 
vocal modulations in a person’s speech. 
The Voice Stress Analyzer described 
here is a small, readily portable unit. It is 
designed to operate on the principles 
pioneered by Dektor and other compa- 
nies in the field whose products have 
received wide acceptance. 


Basic Theory. Extensive military re- 
search and wartime counterintelligence 
work have yielded several theories and 
devices that have been used during 
interrogation in an attempt to separate 
truth from falsehood. One of these theo- 
ries is that human voices, which have 
fundamental frequencies ranging from 
about 90 to 200 Hz, are normally modu- 
lated by an 8-to-12-Hz ‘‘microtremor’”’ 
signal. The latter’s effect is usually 
masked by other voice components: but, 
according to these researchers, reason- 
ably simple electronic circuitry can 
detect and measure the microtremors. 





LEDs are positioned in window 
area, miniature microphone is put 
in center cutout at top of case. 


(continued on page 68) 





Reel Versatility 


At a Cassette Deck Price. 





Upgrading is for 
music lovers who can 
hear the difference. For 
them, Radio Shack has 
made “the difference’ affordable . . . for exam- 
ple 30-28,000 Hz (+3 dB) frequency response, 
extended dynamic range, low distortion, low 
noise — you get it all in the easy-to-be-creative 
open reel format. Tape handling is no problem 
because the TR-3000 is totally logic controlled. 
A pushbutton-activated solenoid system con- 
trols all tape movement — you can switch func- 
tions instantly, without tape spills or snarls. 
Pause and mute controls even let you edit, 
electronically, as you record. 


The New Realistic’ 
Upgrader. 


The TR-3000 has 
three motors. A preci- 
sion servo-controlled 
capstan motor reduces 
wow and flutter to less than 0.06% WRMS. And 
two high-torque reel motors maintain constant 
tape tension for smooth, fast winding. Separate 
play, record and erase heads give you “off-the- 
tape’ monitoring. Individual mike and line input 
controls work like a built-in mixer. High/low bias 
and EQ switches for an optimum match with 
any tape. 7% and 3% ips speeds. And lots 
more. Realistically priced at only $499.95°* 
Check its superb sound and specs at one of our 
7000 locations today! 


OF PEA LMS TIC 


The Nationwide Supermarket of Sound® 


*Retail price may vary at individual stores and dealers, Cat. No. 14-700. Illustrated metal reels an extra option. 
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VOCAL ANALYZER continued 


When a person is under stress, says 
the theory, normal vocal microtremors 
diminish greatly in amplitude. The auton- 
omic nervous system, preparing the 
body for emergency reactions, causes 
the pupils to dilate, blood to rush away 
from the limbs, and the muscles to 
tense. Since the vocal chords are princi- 
pally muscular tissue, they, too, tighten 
and decrease the amplitude of microtre- 
mors. Thus, it is claimed, measuring the 
relative amplitude of vocal microtremors 
gives an indication of stress. The wave- 
form of a human voice with microtremor, 
indicating no or very little stress, is 
shown in Fig. 1A, its spectral content in 
Fig. 1B. 


System Operation. Basic operation of 
the Voice Stress Analyzer is shown in 
Fig. 2, while Fig. 3 illustrates typical 
waveforms (not drawn to scale) that 
occur in the circuit. 

The input voice signal in Fig. 3A illus- 
trates the somewhat closer peak spac- 
ing attributed to microtremors as com- 
pared with the ‘‘normal” spacing of the 
peaks in the voice signal. After amplifi- 
cation, the composite voice signal goes 
to a voice-frequency bandpass filter to 
remove extraneous noise. Then the sig- 
nal input is half-wave rectified. In a 150- 
Hz low-pass filter, the higher voice fre- 
quencies are attenuated, leaving only 
the lower frequencies, including those of 
the microtremors (Fig. 3B). The positive- 
going output then toggles a Schmitt trig- 
ger (Fig. 3C) to produce a squared-off 
waveform. The latter is suitable for tog- 
gling a one-shot multivibrator that then 


INPUT 








Fig. 1. Waveform of the human voice with microtremors 
is shown at (A), spectral content of voice is at (B). 


produces the 1.5-ms pulses shown in 
Fig. 3D. 

As the 8-to-12-Hz microtremor modu- 
lates the fundamental, spacing between 
pulses changes. Pulses from the one- 
shot then pass through a 20-Hz low- 
pass filter and an 8-to-12-Hz filter, after 
which it is rectified and integrated to 
form a smooth voltage. This signal may 
rise above a preset threshold when the 
microtremors are closely spaced, in a 
manner similar to that of the vertical- 
sync scheme used in a TV receiver. 


“When the integrated output is above the 


threshold, it causes the LEDs to come 
on in a particular sequence (Fig. 3E). 


The Circuit. Figures 4 and 5 illustrate 
the complete schematic diagram of the 
Voice Stress Analyzer. The /C2D circuit 
(Fig. 5) supplies the ground tap required 
by the op amps. Resistors R17 and R2 
and capacitor C7 provide power from 
battery B7 for the condenser micro- 
phone. Jack J7/ is a transfer type that 
disconnects MIC when an external audio 
source is plugged into it. (The external 
source can be a telephone pickup, 
dynamic microphone, or output from a 
tape recorder.) 

Audio amplifier /C1A operates close 
to its open-loop gain whose output goes 
to the /C 1B bandpass-filter circuit. Recti- 


FUNDAMENTAL RECOVERY 


VOICE BAND FILTER 


MICROTREMOR DETECTOR 





Fig. 2. The analyzer circuit is designed to extract the 8-to-12-Hz microtremor from 
the voice input and use the resultant signal to turn on a LED display. 
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fier D7 half-wave rectifies the signal to 
recover the fundamental modulating fre- 
quency. Higher harmonics are removed 


by IC1C, an 18-dB/octave filter that 


passes only those frequency compo- 
nents below 150 Hz. | 

Schmitt-trigger circuit /C7D converts 
the recovered fundamental into steep 
rising and falling edges that are suitable 
for driving timer /C4. As shown in Fig. 3C 
and D, the Schmitt trigger’s sharp rise 
time toggles the timer, which produces a 
1.5-ms pulse. | 

The generated pulse train goes 
through low-pass filter /C2A to remove 
the waveform’s sharp edges and amplify 
any frequencies below 20 Hz. Bandpass 
filter /C2B is ‘‘tuned”’ to the 8-to-12-Hz 
microtremor frequency and amplifies any 
signal within this range. 

Full-wave rectifier /C3A/IC3B ac- 
cepts this signal and produces a dc out- 
put voltage that is proportional to the 
amplitude of the microtremor (Fig. 3E). 
This voltage is developed across C719, 
which is constantly being discharged by 
time-constant resistor R32. 

Display drivers /C3C and /C3D are 


R4 
C3 2.7K 


+9V 


C2 
002 uF 














Fig. 3. Typical waveforms within the analyzer. According to 
the authors, the “trick” lies in detecting the presence of the narrower 


microtremor peak spacing within the voice frequencies. Integrated 


one-shot pulses derived from these signals are used to toggle the readouts. 


FIG 5 





- FIGS 


Fig. 4. The voice processing circuits of the analyzer result in 20-Hz signals from IC2A and 8-to-12-Hz 
signals from IC2B. These signals drive the rectyjier/display section shown im Fig: be 
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connected as comparators, using the 
voltage generated across R33, R34, and 
R35 as the reference. The comparators 
then drive the LEDs. When LED7 comes 
On, presence of microtremors is _indi- 
cated, meaning no stress. When these 
frequencies are missing, LED4 comes 
on to indicate high stress. As microtre- 
mors come and go, LED2 and LED3 
come on. 

The display also receives a control 
signal from the 20-Hz filter that turns off 
the LEDs when no input signal is pres- 
ent, conserving battery life. 


Construction. Using the actual-size 
etching and drilling guide shown in Fig. 
6, the Analyzer was designed to fit in a 
calculator-type case. Referring to the 
component-placement guide in Fig. 6, 
mount the components in their respec- 
tive locations, taking care to properly 
orient the diodes, polarized capacitors, 
ICs, and LEDs. When installing compo- 


cig 
O47pF 





nents on pc board, be sure to properly 


orient diodes, LEDs, ICs, and electrolyt- 


ic Capacitors, as shown in the compo- 
nent placement guide. 

With exception of the microphone, 
auxiliary input jack, power switch, and 
battery, all components mount directly 
on the circuit board. The microphone 
and auxiliary jacks mount in holes at the 
top of the plastic case. (Make certain 
that the pickup end of the microphone 
points outward.) Mount the power switch 
on the upper surface of the case, below 
the display window and label its on posi- 
tion with a dry-transfer lettering kit. Con- 
nect and solder the positive lead of B7’s 
battery connector to the hole A-pad on 
the circuit board, the negative lead to 
the hole B-pad. 

Examine the jack and schematic dia- 
gram and connect and solder lengths of 
hookup wire from the jack’s lugs to the 
appropriate E, F, and G pads on the 
circuit board. If you choose a recharge- 


+9V —9V 


R36 
390 N 


LED 4 
STRESS 








able battery for B7, mount a suitable 
power jack on the plastic case and wire 
it to the battery. 

Now, use a dry-transfer lettering kit to 
label the LEDs in the display. Label 
LED? normal and LED4 stress. Leave 
transitional LED2 and LED3 without 
legends. This completes construction. 


Construction. Using the actual-size 
controls, it should be operational as 
soon as power is turned on. As you 
speak into the microphone, you should 
note that the LEDs flicker, with the nor- 
MAL LED on most of the time. 

A number of tests were performed on 
the Voice Stress Analyzer by one of the 
authors. Using the audio from a TV- 
network news broadcast, it was noted 
that when the newscaster spoke, the 
NORMAL LED was on most of the time. 
When actors and actresses were 
speaking their roles, basically the same 
results were observed. However, when 


-9V 





+9V 


Fig. 5. The 8-to-12-Hz signals are rectified in IC3A and IC3B, integrated in C19 and used to 
turn on a comparator (IC3C, IC3D) that causes the LED (s) to glow. IC2C shuts down the LEDs when 
there is no 20-Hz signal, while IC2D creates a bipolar supply from a single 9-volt battery. 
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Fig. 6. Actual-size foil pattern and component placement 
guide for the voice analyzer. Be sure to observe polarities 
of electrolytic capacitors and diodes and orientation of ICs. 


various advertising announcers’ voices 


were monitored, it was interesting to 
note that the other LEDs had a tendency 
to flicker on, with the stress LED coming 
on quite often. The same was true when 
monitoring a number of phone-in radio 
programs. Finally, a number of situations 
were rigged, using various people as 
test subjects, all instructed to lie in 
answer to certain questions. The results 
were inconclusive. The results might 
have been pointedly different if the sub- 
jects being monitored were not aware 
that vocal stress tests were being con- 
ducted. Too, it should be kept in mind 
that voice characteristics differ among 
different people and even with the same 
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person over a short period of time. 
Psychologists at one U.S. university 
have stated that there is no conclusive 
evidence that microtremors actually ex- 
ist in the vocal chords. One report, pre- 
pared by a psychologist on behalf of the 
U.S. Army’s Land Warfare Laboratory at 
Aberdeen Proving Ground, concluded 
that results obtained with voice stress 
devices are ‘‘no better than chance.” 
Moreover, American Civil Liberties Union 
suits have been presented aileging such 
devices constitute invasion of privacy. 
Whether or not voice stress analyzers 
do what is claimed of them is a debata- 
ble point. However, they are interesting 
devices with which to experiment. © 
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Find out in the latest 
Heathkit Catalog. It’s filled 
with exciting kits in every price 
range, all easy to assemble, all 
at build-it-yourself savings. 


Discover the fun you and your 


family can have building your 


own home computer, stereo 
system, color TV. Discover the 
pride of saying, ‘| 
built it myself.’’ 
It's easier. than 
you think. 
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your FREE Heath- 
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Heathkit 
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TRUTH 
TABLE 
QUIZ 


BY ROBERT P. BALIN 


TRUTH Table indicates how a gate 

or combination of gates, responds 
when level O and level 1 signals are 
applied to its inputs. The table present 
the kind of concise picture of a circuit's 
characteristics that we need to apply it 
to solving logic problems. 


To test your ability for making a truth 
table, determine if the output at D on 
each of the circuits (1-10) below is a 1 
or a O for each of the seven arrange- 
ments shown in the table at top left. The 
answers are in the truth table at bottom 


of page. 
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AIR PURIFICATION 
FOR THE HOME! 


A new appliance, the PURonizer, is able 
to remove odors, smoke, bacteria, dust, 
and pollen; refresh the air and restore a 
natural electrical balance. 

We offer safe current limited 15,000 
volts, more voltage than units costing 3 
times our price. 


WE HAVE OPTIONS 


We feature interchangeable ion emitter 
systems. Our PURonizer comes com- 
plete with both a high output bronze 
emitter fuzz and a long lasting stainless 
steel emitter needle. We have plant 
adapter cords available to improve the 
growth of your plant as well as ionizing 
the air. Also available is a unique four- 
way adapter, allowing the use of remote 
emitters. 


THE IONIZER OF THE FUTURE 
Our lon Research engineers are develop- 
ing new high gain emitters. The Emitter 
systems of the future will adapt to any 
PURonizer. 


USE 30 DAYS, NO OBLIGATION 
Our PURonizer is backed by a 30 day 
satisfaction guarantee and one year’s 
warranty on parts/labor. 

To order your PURonizer send check or 
money order to the address below: 
PROFESSIONAL ION GENERATORS 
319 Spruce Street 

Redwood City, CA 94061 

Phone (415) 366-8754 


Send me PURonizers at $78.00 ea. 
Calif. residents add 6% sales tax. We 


pay postage. 
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By Forrest M. Mims 


THE PHOTOPHONE CENTENNIAL: 1880-1980 


AVE YOU ever talked over a sunbeam? | hope every reader of 
this column will do just that during 1980, for this is the centennial 
year of the invention of light-wave communications. 

On February 19, 1880, Alexander Graham Bell and Sumner Tainter, 
Bell’s lab assistant, became the first men to transmit voice over a 
beam of reflected sunlight. One kind of transmitter they developed, 
shown in Fig. 1, was a thin, silvered mirror attached to one end of a 
hollow cylinder. Sound waves were directed against the mirror 
through a speaking tube. The resulting vibrations of the mirror caused 
a reflected beam of sunlight to become more or less divergent. The 
net result was an amplitude-modulated light beam. 

Bell’s receiver consisted of a series of selenium cells mounted in 
the focus of a parabolic reflector and connected in series with a 
telephone receiver and a battery. Figure 2 shows one of Bell’s early 
optical receivers. 

Bell called his invention the photophone. In June of 1880, he and 
Tainter transmitted intelligible voice from the top of the Franklin 
School in Washington, D.C. to Bell’s laboratory at 1325 L Street, a 
distance of 213 meters. Later Bell and Tainter were granted several 
patents covering the photophone and its variations. Until his death in 
1922, Bell considered the photophone to be his most important 
invention, more important even than the telephone. 

If you would like more information about the photophone, I’ve 
written a detailed paper on the subject which appears in the Spring 
edition of Optics News, a publication of the Optical Society of 
America (available at well-stocked libraries). Also, if you happen to 
be in Washington, D.C. this spring or summer, stop by Explorer’s Hall, 
the museum of the National Geographic Society at 17th and M 
Streets, N.W., to see their excellent photophone centennial exhibit. It 
was constructed by Bell Telephone Laboratories, and traces the 
history of light-wave communications from the photophone to today’s 
glass-fiber communication links. 

Alexander Graham Bell played a pioneering role in the early history 
of the National Geographic Society. His grandson, Dr. Melville Bell 
Grosvenor, is Editor Emeritus of the National Geographic. Several 





Fug. 1. The photophone transmitter used by Bell 
and Tainter in their historic experiment of 1880. 
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years ago, when | met with Dr. Grosvenor to propose a photophone- 
centennial exhibit, his interest perked up considerably when | pulled a 
homemade photophone from my briefcase. He scurried out onto the 
balcony to catch a few rays of sunlight, and we were soon communi- 
cating over his grandfather’s invention. 

That was a very exciting moment for me, and one | hope to share 
with you by means of this column. You can be ‘‘on the air’ in a matter 
of minutes with an aluminum-foil-and-cardboard transmitter and a 
receiver made from a solar cell and a portable amplifier! With your 
own photophone, you'll never be without an entertaining and educa- 
tional gadget to demonstrate for friends, neighbors, scout troops and 
school classes. Indoors, at night, or when clouds obscure the sun, 
you can use light from an artificial source. I’ve used many kinds of 
flashlights, a helium-neon laser, infrared LEDs and a continuously 
operating (CW) injection laser with good results. Interested? Here are 
some details. 


Photophone Transmitters. Bell and Tainter devised many ways to 
modulate a light beam, but the simplest is the use of a flexible mirror. 
My favorite photophone transmitter, shown in Fig. 3, is a 25-mm 
diameter, ultra-thin glass mirror cemented to one end of a 1” (25.4 
mm) diameter aluminum tube. The mirror is catalog number 30,626, 
available from Edmund Scientific Company (300 Edscorp Bidg., Bar- 
rington, NJ 08007). _ 

A larger mirror will give more range, but suitable glass mirrors are 
hard to find and are very fragile. Bell solved this problem by using a 
system of lenses to collect more light than would otherwise be 
intercepted by the mirror alone (see Fig. 1). You can take this 
approach also, but a suitable alternative is the use of a mirror 
fabricated from aluminum foil or aluminized Mylar. 

A powerful transmitter can be made by taping a sheet of foil or 
Mylar over one end of a metal can from which both ends have been 
removed. The Mylar is easier to attach and forms a highly desirable 
flat, drum-like surface. Unfortunately, aluminized Mylar, at least the 
type which I’ve used, is not quite as reflective as aluminum foil. A 
simple test shows that about 5% of incident sunlight passes through 
the thin film of aluminum deposited on the Mylar and is therefore not 
available for reflection. 

Aluminum foil is almost perfectly reflective, but it tears easily. 
Another problem with foil is the difficulty of obtaining a perfectly flat 
surface. Both of these problems can be partially alleviated by cross- 
ing strips of masking tape across the dull side of a sheet of foil (use 
four strips) and centering the shiny side of the foil out over the end of 
the can. The tape reduces tearing, keeps the foil reasonably flat and 
improves the sound quality by damping out resonances. 

Instead of a metal can, the Mylar or foil can be taped over a 4” to 
6” (10-cm to 15.25-cm) diameter hole cut in a square of corrugated 
cardboard. This method works well with foil because it results in less 
chance of tearing. 

You can experiment with other kinds of transmitters. Several years 
ago, at a hot-air balloon competition in New Mexico, Otis Imboden, a 


_ National Geographic photographer, and | experimented with a large 


foil-covered board he was using to reflect sunlight at balloon crews 
that were shadowed by the huge bags of hot air rising above them. 





Fig. 2. A photophone receiver of 1880. The 
detector is the cylindrical object in the reflector. 
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We found that we were able to send voice messages to a nearby 
receiver simply by talking near the reflector. Later, we gave a receiv- 
er to a balloon crew. Otis spoke to the pilot with the help of his 
reflector while the balloon was in tethered flight. | 





Fig. 3. A photophone transmitter 1s easily made using 
a 25-mm diam. mirror cemented to an aluminum tube. 


Passive transmitters like those described thus far work fine, but 
you can make an electronic photophone transmitter by cementing a 
thin glass mirror to the rim of the cone of a miniature speaker. Refer 
to the Edmund Scientific catalog for suitable mirrors. This technique 
results in very high quality voice transmission and allows one person 
to conduct photophone tests unassisted because the transmitter can 
be driven by signals from the earphone or external speaker jack of a 
portable radio or tape player. 7 
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Photophone Receivers. Bell and Tainter experienced considerable 
difficulty making selenium detectors for their photophone: experi- 
ments, but today you can purchase for a few dollars a silicon solar 
cell that’s considerably more sensitive and easier to use. | prefer 
silicon solar cells for photophone receivers because their large 
surface area (the larger the better) reduces or eliminates entirely the 
need for collecting lenses or reflectors for short-range experiments. 
When a lens or reflector is used to increase communications range, 
the greater area of the detector does away in large part with the 
alignment difficulties associated with the use of small detectors such 
as phototransistors. 

An ultra-simple receiver can be made by connecting a silicon solar 
cell directly to the microphone input of an audio amplifier. Figure 4 is 
the schematic of a circuit with plenty of gain that works quite well. 
Rather than building an amplifier, you can salvage one from a dis- 
carded cassette recorder or purchase a factory-assembled amplifier 
module from one of the dealers who advertise in this magazine. 

Silicon solar cells are very thin and are easily broken. One way to 
protect a cell is to install it in a clear plastic box or container like that 
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Fig. 4. Schematic of a high-gain photophone receiver. 
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in which a typical cell is packaged when sold. A layer of plastic foam 
behind the cell will cushion it from shock, and a small notch or hole 
can be easily formed for the leads. 

Some solar cells are supplied with wire leads. Others are not. If 
you must attach your own leads, use a small, low-wattage iron with a 
well-tinned tip. For best results, use tinned wrapping wire for leads. 
Most silicon cells have electrodes on the front and back surfaces. 
Solder the back electrode first by forming a small puddle of solder 
near an edge of the cell and then holding the stripped end of a wire 
lead in the solder until it cools. 

The front electrode is usually in the form of a thin strip and requires 
more care. Touch the tip of the iron to the electrode and, after a 
second or two, apply enough solder to form a small bump or ridge. 
Then reheat the solder and position the second wire lead along the 
electrode. Hold the lead in place until the solder cools. 

The leads, particularly the one soldered to the front electrode, 
must be protected from excessive strain. One way to do this is to 
attach the leads directly to the cell’s protective housing with glue or 
miniature solder lugs. A shielded cable can then be connected to the 
leads or lugs. 

Your mounting problems will be simplified if you install the cell ina 

. reflector or behind a lens. Alignment of the receiver will be much 
easier if you use the reflector rather than a lens. Various types of 
reflectors are available from Edmund Scientific, but | prefer to modify 
ordinary flashlights. For example, the reflector in a typical 6-volt 
lantern has plenty of room for two solar cells connected in series and 
mounted back-to-back. The battery compartment has more than 
enough space for a modular amplifier, miniature speaker, battery, 
switch, gain control and phone jack. 

Figure 5 shows a photophone receiver and a LED voice transmitter 
installed in 6-volt lanterns (Burgess ‘‘Dolphin’’ brand). | made the 
receiver in 1966, and it’s worked fine ever since. The solar cells are 
secured in place, perpendicular to the axis of the reflector, by 
wrapping their leads around the protruding shoulder at the small 
opening in the reflector. While this mounting method might appear to 
be very flimsy, my cells have survived a trip around the world (includ- 
ing a one-year stint in Vietnam) and numerous field tests of various 
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light-wave communications devices. The cells simply bounce upor 
their leads when the receiver is dropped or jostled. 

| recommend one or more silicon solar cells for your photophone 
receiver, but you can use selenium cells, phototransistors or photo- 
diodes instead. Keep in mind that small detectors will require exter- 
nal optics for best results and might be difficult to align. 


Range Testing. For initial photophone tests, leave the receiver with 
a friend and walk 25 paces in the direction of your shadow. Then, 





Fig. 5. Photophone receiver (left) and LED voice transmitter 
installed in 6-volt lantern lights. Note the position of 
the two back-to-back solar cells in the receiver’s reflector. 


while facing the receiver, point the transmitter toward the ground in 
front of you until the sun’s reflection is visible as a bright spot. It’s a 
simple procedure to slowly move the spot toward the receiver by 
following the spot of light along the ground. 

It’s helpful to place the receiver in a shaded location so the 
reflected spot will be easier to see. A trick | usually employ is to place 
a large red bicycle reflector next to the receiver. When the reflector 
lights up, the transmitter is on target. Here’s another tip: placing the 
receiver inside a building and directing the transmitter beam through 
a window makes for an impressive demonstration because the voice 
of the person at the transmitter can be heard only via the light beam 
and not by the propagation of sound waves through the air. 

While testing a photophone, you’ll soon discover some difficulty in 
keeping the reflected spot of sunlight trained on the receiver. One 
way to stay on target is to rest the transmitter against a fixed object 
like a tree, fence post, or building. A better way is to mount the 
transmitter on a photographer's tripod. Of course, the receiver must 
be kept in a fixed location. You'll also need to make frequent adjust- 
ments to compensate for the earth’s rotation, which manifests itself 
as the apparent continuous motion of the sun. 

_ Once you have an operational photophone, you'll probably want to 
determine its maximum transmitting range. For long-range tests, a 
tripod is essential. An electronic transmitter (i.e., a speaker with 
attached mirror) is very helpful also, because one person can perform 
the test unaided. It’s very easy to achieve a range of 100 meters or 
more. For ranges of one kilometer or more, the photophone receiver | 
described in the February 1976 issue of Poputar ELECTRONICS is ideal. 
This receiver uses a large glass reflector installed in a special 
cabinet complete with amplifier and solar cell. Though very difficult to 
align, the receiver has exceptional sensitivity. If you don’t have this 
article in your back issues, you can find it at a library. It’s also in the 
1980 ELECTRONIC EXPERIMENTER’S HANDBOOK. 


In Conclusion. The photophone will allow you to explore the fasci- 
nating world of light-beam communications. However, remember one 
word of caution. Always avoid staring at the bright reflection of 
sunlight from photophone transmitters! Protect your eyes by wearing 
Sunglasses with optical-quality glass lenses and by looking away 
from the transmitter mirror. © 
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DEGAUSSING 


Q. A while ago, a friend showed me some 
interesting visual effects that he could 
create by placing a magnet near the 
screen of his black-and-white television. 
Unfortunately, | tried the same thing with 
my color receiver, and now | am stuck with 
a pink-purple splotch on my screen. Why 
was the effect of the magnet permanent 
on my receiver, and what can be done to 
correct the problem (short of replacing the 
picture tube)?—Fred Martin, Woodstock, 
NY. 


A. The effects that your friend created on his 
menochrome picture tube were due to the 
deflection of electrons streaming from the 
cathode of the CRT to the screen. This 
deflection was caused by the external mag- 
netic field generated by the bar magnet. The 
patterns which appeared on the screen are 
similar to those created when a magnet is 
slipped under a sheet of paper upon which 
iron filings have been sprinkled. 

The reason why the monochrome CRT was 
not permanently affected and the color tube 





was lies in the fundamental difference 
between the two devices. A monochrome 
tube employs only one electron beam and 
one set of phosphor dots, all of which glow 
the same color. In a color tube, however, 
there are three sets of dots, each glowing a 
different color, and each excited by a sepa- 
rate beam of electrons. 

It is essential for proper image reproduc- 
tion that each electron beam in a color tube 
strike only its respective color dots. There 
are two separate means employed in color 
picture tubes to achieve this end. First, each 
individual beam is adjusted so that it con- 
verges at each of the shadow mask holes at 
the proper angle. A convergence network is 
charged with this responsibility. Second, a 
purity adjustment ensures that all three 
beams pass through the exact deflection 
center of the yoke so that they are equally 
deflected and line up with the array of holes 
spaced across the screen. Essentially, the 
convergence network bundles the electron 
beams together and the purity network cen- 
ters the bundle on the triads of dot holes. 


TRAIN TRANSFORMER POWER SUPPLY 


Q@. | have an HO power pack that’s not 
being used on my layout. Is it possible to 
use it as a variable-voltage power supply 
as is? If not, can it be modified for such an 
application? The power pack is rated at 12 
volts dc output at 1 ampere maximum. — 
Robert Grisson, Dotham, AL. 


A. Most HO power packs consist of a trans- 
former, a rectifier, a rheostat and a circuit 
breaker. No filter capacitors are employed 
because pulsating dc is applied across the 
track rails. To use this type of power pack as 
a variable-voltage supply for electronic proj- 
ects, it must be modified to include filtering 
and some efficient method of varying the out- 
put voltage. 

Shown in the figure is a-circuit that can be 
constructed using a portion of the original 
power pack and some additional compo- 
nents. The stepdown transformer is that 
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included in the stock power pack. If the 
pack’s rectifiers are silicon diodes, they can 
be used as is. If not, replace them with a 
modular bridge rectifier. Voltage regulator 
IC1 and R1 and A2 take the place of the 
power pack’s rheostat. Together they form a 
source of variable, regulated voltage whose 
amplitude is determined by the setting of F2. 
The LM317K is housed in a TO-3 package 
that must be heat sinked but electrically iso- 
lated from the chassis. Employ a mica wash- 
er and silicone thermal compound to accom- 
plish this. If adequately heat sinked, the reg- 
ulator will be able to deliver the rated current 
of your transformer (1 ampere) on a contin- 
uous basis. Assuming the transformer sec- 
ondary is rated at 12.6 volts rms, the maxi- 
mum voltage available at the output terminal 
will exceed 12 volts. It might reassure you to 
know that the LM317 includes current limiting, 
thermal-overload and safe-area protection. 
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Extreme accuracy in the deflection of the 
electron beams is required. Unfortunately, 
any extraneous magnetic field in the neigh- 
borhood of the color picture tube can affect 
the electron beams and prevent them from 
reaching their appropriate color phosphor 
dots. In operation, residual magnetization of 
the metallic structure around the color tube 
that causes color splotches can build up. 
(That’s what the problem is with your picture 
tube.) The cure for this is degaussing. When 
this is done, an alternating magnetic field 
derived from the 60-Hz ac line is set up in the 
vicinity of the picture tube. It demagnetizes 
the tube in much the same manner that the 
heads of tape decks are demagnetized for 
optimal performance. 

in most color televisions of recent vintage, 
there is an automatic degaussing circuit 
which functions in the following manner. When 
power is first applied to the receiver, alternat- 
ing current flows through a thermistor and a 
coil wound around the periphery of the 
screen. An alternating magnetic field is set up 
around the coil which neutralizes any residual 
magnetization in the vicinity of the picture 
tuble. The current causes self-heating of the 
thermistor, whose coefficient is positive. As 
the temperature of the thermistor increases, 
its resistance increases to the point that 
practically no current flows through the coil. 
The alternating magnetic field collapses as 
the current through the coil decreases. Thus, 
a brief degaussing process occurs each time 
the receiver is turned on from a cold start. 

If your receiver has such a degaussing 
circuit, it obviously is not functioning properly. 
Otherwise the color splotches would have 
disappeared the first time that power was 
removed from the receiver and reapplied a 
few minutes later. The most likely cause of a 
malfunctioning automatic degausser is a 
failed thermistor. 

If your receiver lacks such a circuit, you 
can either build or buy a degaussing coil. 
Commercial degaussers are relatively inex- 
pensive (about $8.00) and are available from 
most electronic supply stores. Also, most 
television repairmen keep one on hand and 
will gladly perform degaussing for you. A 
degaussing coil can be fashioned by winding 
approximately 400 turns of No. 20 or No. 22 
enameled copper wire on a circular form 12 
inches (30.4 cm) in diameter. The coil should 
be soldered to an ac line cord and the con- 
nections insulated with heat-shrink tubing or 
PVC electrical tape. Degaussing is performed 
by plugging the line cord into an ac power 
socket, bringing the coil near the front of the 
picture tube, and moving the coil around the 
screen. The coil should then be slowly with- 
drawn from the screen to a distance of per- 
haps ten feet. Power should then—and only 
then—be removed from the degaussing 
coil. 

This procedure should clear up your pink- 
purple splotch without any need for replacing 
the picture tube, and allow you to continue 
experimenting with the magnetic deflection of 
electron beams without permanently affecting 
color reception. 
el 
Have a problem or question in circuitry, compo- 
nents, parts availability, etc? Send it to the Hobby 
Scene Editor, POPULAR ELECTRONICS, One Park 
Ave., New York, N.Y. 10016. Though all letters can't 


be answered individually, those with wide interest 
will be published. 


cote AE WEE AS I A SS SLT SES SS LS SE ET 


77 








definitely not for 


NOVICES . 


Dr. Dobb’s Journal is the serious micro- 
computer journal of systems and soft- 
ware. You won’t find games and never- 
ending tutorials on “How to Program 
in Basic” in DDJ. You will find useful 
information —algorithms, code for com- 
pilers, operating systems, editors, debug- 
gers, hardware evaluations, comparisons 
of architectures —all presented ina 
straightforward, direct fashion. 


If you are an expert who is serious about 
microcomputers you should be reading 
Dr. Dobb’s Journal. Buy it at your local 
computer store or subscribe. No need to 
send money now, just send us your 
name, address, and zip and we’ll bill 
you later. $15 for one year (10 issues). 


Dr. Dobb's Journal 


P.O. Box E, Dept. G9, Menlo Park, CA 94025 


Amusements 


for men and 
machines 


Shae Intel 


The magazine for the imaginative 
small computer user. 


Published bi-monthly, $10/year. 
Complete the form below or send us 
your name and address. We'll bill you. 


Recreational Computing, 
P.O. Box E, Dept. G9, Menlo Park, CA 94025 


Name 
Address 
NG ccna rip tices 


State Zip 




















Amateur 


Radio 





By Karl T. Thurber, Jr., W8FX/4 


SPECIAL CLUBS FOR SPECIAL FOLKS 


MATEUR radio is a many-faceted hobby 

whose aspects include DXing, ragchew- 
ing, QRP (low-power) operation, certificate- 
chasing, vhf experimentation, two-way televi- 
sion communications, and_ radioteletype, 
among many others. Dozens of clubs cater to 
these special ham interests. Let’s take a 
look at some of them. 


The 10-10 Net. The current increase in sun- 
spot activity (Solar Cycle No. 21 is now peak- 
ing) has been accompanied by a dramatic 
Surge in interest in the 10-meter band. Many 
newcomers to ham radio have only recently 
discovered the band’s potential, but oldtim- 
ers have known about the potential of 10 
meters for many years. Interest in 10 has 
been kept alive between cycle peaks by 
members of the Ten-Ten International Net, a 
far-flung organization of dedicated 10-meter 
operators whose motto is ‘‘Use and Enjoy 
Ten Meters.” The club originated in Southern 
California during the early sixties. At that 
time, the group was a traffic-handling net in 
the San Dimas area. As conditions on 10 
meters deteriorated following cycle 19’s 
decay, the group decided that there was little 
need for a traffic net on the band. Still, the 
little group wanted to stay in touch and con- 
vened its net every night at 10 p.m. PST on 


28.8 MHz. Thus, the name ‘‘Ten-Ten’’ was 
born (‘‘on 10 at 10’). 

The net has grown immensely and has 
become a worldwide club with amembership 
in five digits. The members have one thing in 
common. That is their goal of keeping the 
band active even in years of low sunspot 
activity when other services might be 
tempted to convert portions of the band’s 
wide-open spaces to their own uses. Ten-Ten 
members also consider the club a fraternal 
organization whose emphasis is assistance 
to fellow hams and service to the public. 

To become a member, one must be active 
on 10 meters. The prospective member con- 
tacts 10 club members, obtaining from each 
his distinctive ‘‘10-10” identification number 
and other details of the contact. The list of 
contacts, along with a small service fee, is 
submitted to a district manager who issues a 
membership certificate and an ID number for 
use in future exchanges with other members 
and prospective members. 

The club also publishes a news bulletin 
and has a far-reaching awards program con- 
ducted in cooperation with its more than 100 
active local chapters. The program, which is 
very popular among ‘certificate hunters,’’ 
includes a series of 10-10 net contests, Bar 
and Plaque awards (for specific numbers of 
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QSOs with fellow members), and Worked- 
All-States (WAS) certificates. Members who 
contact 500 qualifying 10-10 stations can 
become honorary Vice Presidents in the 
exclusive ‘International 500 Club.’’ 

Ten-Ten International has a national organ- 
ization, but its main activities are decentral- 
ized to the district managers who run the 
membership and activity programs for their 
districts (broken down by U.S. call area), and 
to the independent chapters, most of which 
have their own unique awards programs. To 
join in the fun, simply get on 10, work the 
required 10 contacts, and inquire as to the 
name and address of your district manager. 
Send in your contact list and fee, and you're 
in business with this highly popular group. 


QRP Amateur Radio Club International. 
This club caters to the large segment of the 
ham fraternity that enjoys running low power. 
The QRP-ARC-l, as it is called, was formed in 
1961 to further the interests of QRP opera- 
tors—those who limit their input power levels 
to 100 watts CW or 200 watts PEP on SSB. 
You can join the club as a full member if you 
run QRP power levels or as an associate if 
you regularly run higher power levels but also 
have a serious interest in low-power or even 
QRP,, (low-low-power) operations using 5 
watts or less. Dues in the club are a modest 
$3 per year and include a subscription to a 
quarterly newsletter. Membership details can 
be obtained by writing to the Secretary/ 
Treasurer, Joseph C. Szempias, W8JKB, 
2359 Woodford Ave., Toledo, OH 43605. 
The group very actively promotes low- 


power operations by on-the-air contests and — 


awards. The QRP-ARC-|I sponsors a very 
large operating awards program, the objec- 
tive of which is to demonstrate that the use of 
limited power levels reduces QRM (interfer- 
ence) on the ham bands, yet still allows full 
enjoyment of the hobby. As a result, the club 
issues a number of interesting awards, many 
of which parallel regular ARRL (American 
Radio Relay League) operating awards. The 
QRP members chase such certificates as 
the WAC-QRP (worked all continents, low- 
power), WAS-QRP (worked all states), 
DXCC-QRP (worked 100 countries), and sev- 
eral other very specialized awards. The latter 
include QRP-25 (working 25 club members) 
and the WAS-QRP,, (working all states using 
5 watts or less). Besides the challenging 
awards program, the club also holds informal 
“QSO parties” each month, an annual formal 
contest, and other activities of special inter- 
est to the low-power operator. 

The SWL (shortwave listener) isn’t forgot- 
ten in the QRP-ARC-I’s plans. SWLS can 
qualify for any of the club's awards on a 
stations-heard basis. Also, hams can use 
SWL reception reports in lieu of two-way QSL 
card confirmations in applying for the various 
achievement awards and certificates. 


The Quarter Century Wireless Associa- 
tion. This one’s for you if you’ve been 
involved in amateur radio for longer than you 
might otherwise care to remember. The club 
limits its membership to amateurs who were 
first licensed at least 25 years ago, though 
not necessarily continuously licensed for the 
whole period. The Quarter Century Wireless 
Association or QCWA was formed in the New 
York area in 1947 by 54 charter members. It 
quickly spread and enlarged its membership 
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_ hamfests, 


to form chapters across the country. The 
QCWA is based on the fellowship and 
respect of one ‘‘old timer’ for another, and 
tries to keep its membership on a very per- 
sonal, fraternal basis through its many local 
chapters. The chapters are active, holding 
meetings, luncheons and brunches at which 
local problems and interests are discussed. 
These are often held in conjunction with local 
swap meets and conventions. 
QCWA also conducts a weekly on-the-air 
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and instant band change. 


get-together for the exchange of club activity 
information among the chapters. A national 
meeting is held once a year, as is the QOWA 
‘“‘QSO party” which brings together on the air 
several hundred members who compete for 
the greatest number of contacts with fellow 
old-timers. The club also publishes a well- 
written, interesting and often nostalgic jour- 
nal, QOWA News, which keeps members 
informed on national and chapter activities 
and provides a vehicle for keeping old on- 
the-air friends in touch with each other. 

If you’re interested in the kind of fellowship 





QCWA provides, you'll find that membership 
dues are reasonable ($14 for a 3-year period 
plus a one-time $3 initial registration fee). 
More information can be obtained by writing 
to the Quarter Century Wireless Association, 
1409 Cooper Dr., Irving, TX 75061. 


International Fox-Tango Club. This is a 
really unusual amateur club—a sort of “‘mu- 
tual aid society’ of individuals who have 
bought or have an interest in amateur gear 





manufactured by the Yaesu Musen Co. The 
club’s sole purpose is to enhance the effec- 
tiveness of its members’ use of Yaesu Equip- 
ment by providing a medium for the exchange 
of information. It was founded in 1971 primari- 
ly to trade information on the popular Yaesu 
FT-101 (hence the name Fox-Tango). Its 
members are scattered throughout the world, 
sO a conventional club organization isn't 
practical. The club therefore holds no meet- 
ings and elects no officers. 

Members trade information about their 
gear mainly by means of the FT Newsletter, 


BUILDA 


MASTERPIECE OF SOUND 


percussion and sustain. Wersis famous 
string orchestra and bass guitar. Exclu- 


sive Sound Computer for 32-128 “One 


eet 
-——— 


Wersi has combined select features of 
the electronic music field, added its own 
creations and years of research by top 
engineers and musicians, to produce an 
incomparable line of organs. 

Space-age technology. True-to-life voic- 
ing with full drawbar system. Polyphonic 


CIRCLE NO. 56 ON FREE INFORMATION CARD 


Stop Sounds” (total organ presets). 
" Transposer. And lots more. 
y Build your own masterpiece of 
\ sound. No technical knowledge re- 
quired. Just follow the clearly illus- 
trated, easy to understand instructions. 
Step by step. Choose from at least 10 
models. (Also factory assembled.) 
Send $6.00 with coupon for your Wersi 
Demo-Package (LP with 104-page color 
catalog). 


QOWERS! 


Wersi Organs & Kits 

Dept. 11 

14104 E. Firestone Blvd. 
Santa Fe Springs, CA 90670 


Wersi Electronics, Inc. 
Dept. 11 

1720 Hempstead Road 
Lancaster, PA 17601 


104-page color catalog.) 


Name 
Address 
g City State Zip 


f 
i 
i 
i 
a 
- Enclosed is $6.00 for my Demo-Package (LP with 
i 
| 
a 
a 
i 
i 





79 








THE ONE-STOP 
MUSIC SHOP 
AT WHOLESALE PRICES 


THIS MONTH’S 
SUPET vat CL 
















SANYO . 
CASSETTE IN-DASH 2) PIONEER 
— WITH RADIO es CASSETTE IN-DASH 
14 $2 WITH RADI 
a a Ae MP - $128.90 






KP-3500 










a ‘CASSETTE UNDERDASH 















FT- = Pe = MESOOO ei. not eee OO 
KPX-9000 .... 1. 90 
JENSEN RPM ese oO oe: 30 
J1001 (6x9 CASSETTE UNDERDASH 
Separates) $94.50 Ar-c/c ...........--.... 
J1065 (6x9 Triax- KP 292 ae She kee oe 090 
50 Watts) 6250 = Ke ore oe es fA 2384290 
J1033 (6x9 Triax I!- KP-250 2 Ee ik ee 
100 Watts) 78.50 KP-500 Je worn AZ9I90 
J1101 (4x10 Triax- KP-575 RSS eee 90008 
45 Watts) 62.50 * Shas Pe atone A 
J1130 (4x10 Triax II- - 3 ‘ ; ; 
50 Watts) 78.50  KP-88G e Shanty 109.90 
J1174 (5% Triax- silga oo ~ 
50 Watts) 62.50  KP-707G 
1124 (5% Triax Il- POWER AMPS/EQUALIZERS 
75 Watts) 78.50 AD-312 (12 Watts) 
J1069 (6x9 Coax- AD-320 (20 Watts aT 0 
45 Watts) ... 39.50 AD-360 {0 Watts) 139.90 
J1037 (6x9 Coax II- AD-30 (5 Band Eq.) 94.90 
90 Watts) . .. 58.50  AD-50 (5 Band Eq.) . 159.90 
J1077 he Coax- GM-12 (12 Watts) _ 31.90 
tts) 39.50 GM-40 (20 Watts) . . 52.90 
J1041 BN Coax II- GM-120 (120 Watts) 129.90 
75 Watts) ? 












48.50  CD-7 (7 Band Eq.) 


129.90 
We carry the full line ofcar] _.,, CAR SPEAKERS, gran 












equipment by suchnames as} 15-13 tweeter | 39. 90PR. 
anyo, Craig, Marantz TS-168 Three Way ... .84.90/PR. 
a gat : TS-694 6x9 Coax 







Pioneer, Jensen & Audiovox. 
Write for free catalog. 






TS-695 6x9 3 Way . 
TS-X6 2 Way Surface . 
TX-X9 2 Way Surface 






CASETTE TAPES 
















Ampex Grand Master || C-90 3.11 : 
Ampex Grand Master | C-90 279 REEL-TO-REEL TAPES 
BASF Pro | C-90 2.88 Scotch 212 1800 FT 
BASF Pro Ii or I!i C-90 2.99 Scotch 207 1800 FT . 5.19 
Fuji FX | or 11 C-90 2.99 TDKL-18001800FT . 5.22 
Scotch Lo Noise C-90/3 Pk 4 99/3 VIDEO TAPES 
Scotch Master |i! C-90 3.29 
Sony LNX C-90 1 64 BETA FORMAT 
TDK L-500 (2 Hour) . 12.95 
es pb Ste 235 Sony L-500 (2 Hour) 12.95 
por ere Cae 325 Fu L500 (2H 42.95 
DC-6 11g Fuji L-500 (2 Hour) fThee 
TDK D C-90 168 Scotch L-500 (2 Hour) . 12.50 
Sony L-750 + HOURS . 17.50 
TOK D C-120 2.10 
TOK D C-180 2.99 VHS FORMAT 
TDK AD C-60 1.68 Maxell T-120 (4 Hour) 43, 95 
TDK AD C-90 2.45 TDKT-120(4 Hour) _ 14.95 
TDK AD C-120 3.48 JVCT-120 (4 Hour) Am ed g 
TDK SA C-60 : ¥ Fuji T-120 (4 Hour) RR FSS 
TDK SA C-90 Scotch VK-250 (4 Hour) _.. 14.95 






MINIMUM ORDER 12 TAPES- 100% GUARANTEED 
Call or write for super low prices on Maxell bina 


KOSI 






134.95 S| SHURE 
49.95 V15 Type lV 
V15 Type il 
M95HE 









DISCWASHER 

















Complete System 10.95 
Diskit 34.95 
Discorganizer 9.95 HEADPHONES 

Koss Pro 4AA 
16 oz. 03 Refill 10.95 Koss Pro 4AAA 46.50 
Zerostat Anti-static Gun 14.95 Koss HVV/LC 34 50 
SC-1 Stylus Cleaner 4.95 Koss HV1/A "3150 
Disctoot 15.95 ss 
ee § 8 ENNNeISer HD414 : ... 42.50 
Fuzzbuster || Radar Detector 82.90 SennheiserHD424 ... 64.50 






Beam Box FM-8 Antenna . ...34.50 Sennheiser HD420 |. 5 ic ee OO 
Beam Box FM-10 Antenna j Sennheiser HD430 ... eee i 





All 9-98 Lists, Saas. 


50c additional for cassette or 8-track, please specify; 
Minimum order: . . . $25.00 


WE STOCK THE COMPLETE SCHWANN CATALOG. 


HOW TO ORDER: For immediate shipment, send money order or 
certified check. Two weeks delay on personal checks. Please add 
$3.50 per order for shipping & handling ($6.50 for orders outside 
continental U.S.) N.Y.S. residents add tax. Payment must be in U.S. 
dollars only. No C.0.D.’s. All merchandise 108 guaranteed, brand 


new & factory fresh. 


33 PARK ROW, DEPT. PE, NEW YORK, N.Y. 10038 
TO ORDER: CALL MON-SAT SAM-6PM EASTERN TIME 


TOLL FREE (800) 221-8180 


ALL OTHER MATTERS: CALL (212) 732-8600 
CALL OR WRITE FOR FREE 160 PAGE CATALOG 

















CIRCLE NO. 35 ON FREE INFORMATION CARD 











the club bulletin that is published ten times 
each year. The bulletin deals with a variety of 
equipment-related issues such as modifica- 
tions, improvements, manufacturers service 
notes, schematic and pictorial diagrams, 
troubleshooting and servicing techniques, 
and reviews of new gear. Recently, the Fox- 
‘Tango Net was established to expedite the 
timely exchange of information between club 
members. Of course, one doesn’t have to be 
a member or an owner of Yaesu gear to 
participate in the on-the-air net. 

The club also operates a technical com- 
mittee to respond to members’ requests for 


with whoever responds to the call. 

Another popular ARRL group is the Old 
Timers Club, which issues a handsome mem- 
bership certificate to any amateur radio oper- 
ator who held an amateur license 20 or more 
years ago. One applies for membership by 
certifying to the ARRL the year he held his 
first license and the callsign he had then. As 
with RCCers, OTC members may sign ‘““OTC”’ 
after their calls to indicate their seniority and 
membership in the club. The OTC is different 
from the QCWA,; the former is a casual, hon- 
Orary group, while the latter holds regular 
meetings and social events. 





The Fox-Tango Club was originally started to exchange information 
on the popular Yaesu FT-101 transceiver. Shown here are members of 
Yaesu’s more contemporary 301 equipment series. 


data and assistance in servicing their gear. In 
addition, the Fox-Tango group operates a 
purchasing service which enables members 
to buy communications equipment and ac- 
cessories at a discount. The purchasing ser- 
vice also tries to make available hard-to-find 
Japanese replacement transistors, parts 
kits, and small items necessary to making the 
many modifications and improvements sug- 
gested by members. The club publishes a 
catalog of these components known as a 
“green sheet’ for its members. 

Dues in the Fox-Tango organization are $6 
on a calendar-year basis. For more informa- 
tion, write to the club c/o Milton Lowens, 
N4ML, 248 Lake Dora Dr., W. Palm Beach, 
FL 33411. For the record, the club welcomes 
Citizens Band members who are seriously 
interested in amateur radio, but won't provide 
any information about the illegal conversion 
or use of Yaesu ham gear on CB frequencies. 
There is no relationship to the CB group hav- 
ing a similar name. 


ARRL Operating Clubs. To make amateur 
radio more challenging, to improve public 
service contributions, and to enhance operat- 
ing skills, the American Radio Relay League 
sponsors a number of operating ‘‘clubs.”’ 
Although several of these bestow an honora- 
ry club membership on. the applicant, the 
clubs are not regular organizations in the 
sense that they don’t elect officers or hold 
meetings. 

One of the groups most easily joined is the 
Rag Chewers Club. It’s an especially easy 
one for the beginner. All one has to do is 
converse with another ham for 30 minutes or 
more and report this fact to ARRL headquar- 
ters (211 W. Main St., Newington, CT 06111). 
The League will promptly issue a member- 
ship certificate. The RCC, of course, is 
designed to promote interesting, meaningful 
contacts, something beyond the ‘‘hello-good- 
bye’’ QSO too often occurring on amateur 
frequencies. Many club members ‘‘tail-end”’ 
their CQ calls with the letters ‘“‘RCC” to indi- 
Cate that they'd like to ‘‘chew the rag” a bit 


One has to handle a substantial amount of 
message traffic to qualify for the Brass 
Pounders League. To achieve BPL status, an 
amateur must pass a certain amount of radio 
traffic each month on the ham bands and 
report his totals to the ARRL Section Com- 
munications Manager (SCM). The SCM 
keeps score and in turn reports traffic totals 
for his section to headquarters, making a list 
of those who qualify for BPL. Results are 
published in the League’s monthly magazine, 
QST. Each time an amateur qualifies, he is 
awarded a BPL certificate. A special medal- 
lion is issued the third time. The certificate 
can be earned by club and multi-operator 
Stations handling traffic, but the medallion is 
available only to individual amateurs who 
must personally handle the traffic to qualify. 
This award goes a long way in promoting the 
public-service capabilities of ham radio. 

A real honor is to be nominated for mem- 
bership in the A-7 Operator’s Club. An ama- 
teur cannot apply for this one. Rather, his 
skills as a first-class operator are sponta- 
neously identified by any two operators who 
already hold A-1 membership. Starting as a 
CW operators’ group in the 1930’s, the mem- 
bership of the A-1 Operator’s Club now 
includes people in many different phases of 
amateur radio. Some of the nomination crite- 
ria include on-the-air procedures, judgement 
and courtesy, code-copying ability, and gen- 
eral operating considerations. These four 
factors encompass one’s entire posture as 
an ‘amateur radio operator and include both 
technical skills and ‘radio personality.” 

Besides these club activities, the ARRL 
also sponsors a number of operating awards 
and certificates, such as Worked-All-States, 
Worked-All-Continents, the Satellite DX 
Achievement, 6-Meter 600 Club, and the DX 
Century Club awards, to mention but a few. 
The League also promotes a number of con- 
tests and other activities during the year. 

No matter what a particular amateur’s 
interests are, there’s almost certainly a spe- 
Cialty group or achievement club that’s just 
right for him. © 


POPULAR ELECTRONICS 


English Broadcasts Audible in No. America 


APRIL 1980 


ais 
UTC/GMT 


0900-0915 
0900-0915 
0900-0930 
0900-0930 
0900-1030 
0900-1100 
0915-1100 
0930-1030 
1000-1005 
1000-1030 
1000-1030 


1000-1030 
1000- 

1000-1602 
1030-1130 
1030-1200 
1055-1155 
1100-1115 
1100-1156 
1100-1245 
1100-1250 
1100-1300 
1100-1330 


1100-1400 
1100-1400 
1100-1500 
1100-1600 
1130-1150 
1130-1145 
1130-1400 
1200-1215 
1200-1215 
1200-1215 
1200-1230 
1200-1230 


1200-1245 
1200-1245 
1200-1255 
1200-1300 
1200-1300 
1215-1230 
1220-1250 
1230-1255 
1230-1255 
1230-1300 
1230-1300 
1230-1551 
1300-1315 
1300-1330 
1300-1400 
1300-1430 


1400-1500 


1400-1500 
1400-1730 
1400-2400 
1430-1500 
1430-1525 
1430-1600 
1430-1600 


by Glenn Hauser 
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9646, 9510, 6195 


5, 9585, (Sat. only) 


9580, $525 ifrequent 


} (Sun 1030-1040) {time varies) 


5 (Sat-1336, Sun-1415) 


0, 21710, 21660, 27550, 

75, 1100-1130 + 1300-1330 oni 
0. $516, 6195 : 
0, 15158, 15130, 12816, 3600 


715, 9565 
Q. 15330. 11805, 9700 
9535, 7245 


,, 8085, (net all English! 


15115, 11740 
_ 178308, 11738 


20, 17890, 18115 
985, 5040 































DISCOUNT 
PRICES! 





Bey ome@ler-liiny 
Vi Coy at=\"al =t-(e) @ Clerics lal Cro 
All Factory Prime 


21141-450 ns... 4.50 
Qt PAL=200 NEY oe cS 5.95 
BO44-A00-NS, 22s in: 425 
G11 GPO0 Nese OS 7.95 
G3 16-0 NS. A at 12.95 
BOIGG. hoe eae aks ts 3.50 
MCM 6604 AC......... 3.50 
AM 9060 CDC ......... 2.95 


PAINS. ie ae 4.95 


3 la le IC’S 


MEMORY @ RAMS e PROMS e EPROMS 






SOUND GENERATORS 





ZB0A*SIO/Os 60 
COU SI ee ook 33.95 
CEOZ-SIO/1 sss 


CAD PADOLNS eons 1.95 
PILO2-250 ISS 43 1.10 
ZHUE ASU NG. he 99 
AAA SOME oe 2.95 
ZATZ ABO ASF Fre 1:35 
204 PRO IS 2 19.95 
2708-450 ns............ 8.95 
2FAG*490 NS sks es 20.909 


hoe WOU NS. ore ites 


SN76477 Complex Sound Generator.................... 2.49 
AY-3-8910 — GI Sound Gen. (Add $3.00 for manual) 64 Pgs. .... 11.95 


UARTS 
WY BADISA oOo 3.95 
AVB-1014A en. oa5 2: 6.50 


LINEAR 


EMP SOK Ree ee nus es 25 
UM SQ8Hae.,. 4 oe 75 
EMSA PINES sco cao are aes 59 
UM SA QE ie She Ree fhe 90 
LM 320K Series ........ 1.35 
LM 320T Series......... 1.15 
EM S2aK Meh ote cer cat eres 4.95 
PMS ONethas eee 98 


LM 340K Series ........ 1.35 


SOCKETS 
Low Wire Wrap #3 
Profile Gold Tin 
8 Pin 14 49 = 29 
14 Pin 16 fe), lcmeRe TE 
16 Pin 20 Bit 4 
18 Pin 10 89 59 
20 Pin 28 99 ~=—.69 





















SPECIALS OF THE MONTH 


While Supply Lasts 


ECL 101464:-RAM 1024X)}29. noise eee ae 6.95 
AM 3705 PMOS 8-Ch. Multiplexer.................0.02,. 8.95 
MM 500H Dual 25-Bit Shift Register........0..........055 49 
TR1671 Asyn./Sync. Receiver - Transmitter............-. 16.95 


95H90 Hi-Speed Div. 10/11 Prescaler................6. 10.95 
MCT Dual Opto: isolator T500V =) ioe es 99 
ICL 7107 CPL 3%-Digit A/D Conv. LED ................ 11.50 
AY-5-2376 Keyboard Encolder, 88 Keys...............-. 10.50 
AY-5-3600 Keyboard Encoder, 90 Keys............--.-5: 9.95 


1488 or 1489 Liner Driver/Receiver..................--55: 
18-Pin Low Profile Sockets End Stackable.......... sett A 


HOW TO ORDER —Pay by check. credit card. or C.0.D Dia pay inU.S 


PYSAQKDAL Po esens cs) 5.10 
TRIGOZA.. ice teen 3.50 


LM 340T Series......... 15 


CM S800NRAT4 ue aes 

EM SS0QNCB ores: cree 99 
LM 7390614 veo oa 99 
UM P41 CMR os eae 19 
PM 74 (ONS ee oo 8 59 
RG: TSOONBS see ces 1.25 
EM 4250CR ik coer 95 
OA SISO oct tee 2.25 
LNEATSGNG4 ooo oeas 95 
UM SGT sk 1.25 





Low Wire Wrap #3 

Profile Gold Tin 
22 Pin Se) 89.5. 068 
22 Pin a6 9978 
24 Pin ee 1 IO8 285 
28 Pin Sa AGS: AAD 
40 Pin Oo ilo BAU 


og 





Funds. Order by phone or mail. $10.00 minimum. Prices valid thru last day of cover date 
Shipping — $2.00 for the first 2 Ibs. For surface add 35¢ for ea. add'l Ib. For air add 70¢ 
for each add'l Ib. Foreign — Add 10% for shipping and handling. C.0.D.’s add $1.85. Guar- 
anteed satisfaction or your money back We reserve the’ right to limit quantities. some 
items subject to prior sale. We are not responsible for typos 

SEND FOR OUR FREE las Contains complete list of 74LS00 Is 


Components 
Express, Inc. 


1380 E. Edinger, Unit PE 
Santa Ana, CA 92705 
(714) 558-3972 


“Have you kissed your computer lately?” 
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§ ERAMA ELECTRONICS, Dept. 4 -P 1020 W.Wilshire, OklahomaCity,OK 73116 § 
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The handcrafted Speakerlab 


ae : ore 
Thirties featuring the patented imine 
Nestorovic Woofer System™ are 7 ee 
unlike any speakers you’ ve ever Oster 


heard. Find out about Speakerlab’s 
innovative speakers, kits, and raw 
speakers. You can save up to 50% 
when you build them yourself. 


Le 
— ce ee ee ee eee ee eee ees a O/ 


| 180 











| name 
| address 
| city state 





Speakerla’ 


ept. 180. 735 N. Northlake Way 
| Seattle, Washington 98103 | 






1645-1700 
1700-1715 
1700-1715 
1700-1730 
1700-1800 
1700-1800 
1700-1800 


1700-0530 
1705-1755 


1705-1750 
1709-1745 
1745-2000 


1745-2230 
1800-1815 
1800-1830 
1800-1830 
1800-1845 
1800-1900 


1800-1900 


1800-1900 
1800-1900 
1800-2000 
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POPULAR ELECTRONICS 
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0100-0500 
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op rm 


2245-2300 
2300-2330 - 
2300-2330 - 
2300-2330 
2300-2330 


B20 9 >. Oe hm 


2300-2350 
2300-2400 
2300-2430 


2300-2450 
2300-0100 
2300-0200 


2305-2320 
2335-2355 
2345-2445 
0000-0015 
0000-0025 
0000-0030 
0000-0030 
0000-0055 
0000-0100 
0000-0100 
0000-0200 
0000-0200 
0000-0500 
0000-0500 
0000-0606 
0000-0900 
0005-0155 
0015-0030 
0015-0100 
0030-0050 
0030-0100 
0030-0100 
0030-0100 
0030-0100 
0030-0200 
0030-0230 


PrPOWANNDNANWAABAPAPparoerwmawsrdIprvaIrrIan 


0030-0230 
0050-0135 
0100-0115 
0100-0115 
0100-0120 
0100-0125 
0100-0130 
0100-0145 
0100-0155 
0100-0155 
0100-0200 
0100-0200 
0100-0330 
0100-0450 
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15130, 11855 


, 15455, 15180, 15146, 1 


), 18385, 11840 (frequent ch 


|, 15405, 15180, 12060, 
), 11735 
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| 15268, 15076, 9590. 
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SEE YOUR DEALER TODAY 


DEMAND THE pag a 


‘Firestik’ 


“THE FUEL-SEEKER” 


DON’T TAKE NO FOR AN ANSWER!! 
THE #1 WIRE-WOUND AND MOST 
COPIED ANTENNA IN THE WORLD! 


Rugged, Shatterproof Fiberglass . 
C Antennas and accessories for marine, RV, 
truck, auto, van and motorcycles, etc. 
SIX COLORS: 
Clear, Spun-Gold, 
Silver-Gray, Black, Red and White. 





Watch for the New Film 
SMOKEY and the BANDIT II 
starring BURT REYNOLDS 
and ‘Firestik’ Antennas! 





A TOUCH OF CLASS! 


Outside 
Vehicle 


Inside 


a 
ANTENNAS RIDGERUWNER 


‘Firestik®’ Antenna Company 
2614 East Adams/Phoenix, AZ 85034 





Name Ea Ni oe ae ae as RE A 


Ctrectsnc eee Sra a ae ee | 








City Topic PERERA Loe a Ree oe RUE a 
Sate re BIL. 








Sein the CB and 
Communications Market Since 1962. 


5-YEAR REPLACEMENT WARRANTY 


CIRCLE NO. 45 ON FREE INFORMATION CARD 
Put Professional Knowledge and a 


COLLEGE DEGREE 


in your Electronics Career through 


HOME 









Earn Your = 
DEGREE eg 


No commuting to class. Study at your 
own pace, while continuing your present 
job. The Grantham home-study program 
leads first to the A.S.E.T. and then to the 
B.S.E.T. degree. Our free bulletin gives 
full details. Write for Bulletin ET-80. 


Grantham College of Engineering 
2500 So. LaCienega Blvd. 
Los Angeles, California 90034 





GRANTHAM’S FCC LICENSE STUDY GUIDE 
—377 pages, 16 FCC-type practice tests, 1465 ques- 
tions with answers and discussions—covering third, 
second, and first class radiotelephone license 
exams. Preparation for each separate class of li- 
cense is presented is a separate section of the. 
book. $15.75 postpaid. Order from: 
GSE Publications 
P. O. Box 35499, Los Angeles, Calif. 90035 


83 





Popular Electronics 


yeprint series 
Many Important articles covering a variety 
of interests in the broad field of electronics are 
published in POPULAR ELECTRONICS. Reprints of 
selected articles and test reports are now available 
in the event that you missed some you would like to 
have for reference or study purposes—or for 
projects you wish to build. Reprints are only 


$2 each; $1 for those marked with an asterisk. 
Minimum order $5. 


Special articles Ea 


40854 How The New FTC Hi-Fi Rules Affect You 

40855 How To Evaluate Tape Recording Specs 

40856 A New Standard For FM Tuner Measurements 

40964 Build The Hi-Fi/TV Audio Minder 

41097 Upgrading Your Old Stereo FM Tuner 
System & Expanders 

41098 Build An Audio Compander 

41099 How FM Tuners Work, Part | 

41100* How FM Tuners Work, Part II 

41303* Build A Super Filter 

41304 Build A Disco Preamp-Mixer 

41305 Build A Stereo Roto Blender 


COMPUTER 
40860 How To Select A Microcomputer 
40861 Ins & Outs Of Computers For Beginners 
40966 Introducing Speechlab—The First 

5 Hobbyist Vocal Interface For A Computer 
41306 Cassette Control For TRS-80 Computer 
41308 Computer Bubble Memories 


COSMAC “ELF” SERIES 

40857 Low Cost Experimenter’s Microcomputer 

40858 Experimenter’s Micrcomputer/With 
Hardware improvements & More 
Programming Details 

40859 Microcomputer/How To Expand 
Memory, Plus More Programs 

40870 Build The Pixie Graphic Display 

41101 Expanding Elf I! 

41307 Tic-Tac-Toe For Elf Computer 


COMMUNICATIONS 

40862 CB Specifications Made Easy 

40863* How To Choose CB Base Station Antennas 
40965 Build Morse-A-Letter ; 2 

41102 Choosing A Mobile CB Antenna 


OTHER 
40867 How To Design Your Own Power Supplies 
40868 The Care & Feeding Of NiCd Batteries 
40869 Build A Gas & Fume Detector 
40963* Six CMOS Circuits For Experimenters 
40967 Programming Calculators For Fun 
and Games 
40968* Zap New Life Into Dead NiCd Batteries 
41103 How To Design TTL Digital Systems 
41104 Build An Autoranging Digital 
Capacitance Meter 
41309 Use Low Cost Digital Equipment 
41310 Energy Leak Detector 
41311 An A/D Converter 
41312 Security Focus (2 Articles) 
41313 Universal Electronic Timer 
41314 MPH Car “‘Cruisalert”’ 
LEARNING ELECTRONIC THEORY WITH 
CALCULATORS SERIES 


40864 Basic Equations and OHM’s Law 

40865 Reactance, Time Constants And AC 
Calculations 

40866 RC Coupling, Basic Amplifier 
Calculations, and RLC Relationship 


*Reprints are $2 each, $1 for those marked 
with asterisk. Minimum order $5. 
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0130-0225 


0130-0230 
0145-0215 
0200-0215 
0000-0225 
0200-0225 


0200-0230 
0200-0230 
0200-0230 


0200-0250 
0200-0255 
0200-0305 
0200-0330 
0200-0400 


0200-0430 
0215-0230 
0230-0245 
0230-0255 
0230-0300 
0230-0300 
0230-0315 
0230-0325 
0230-0330 


0230-0500 
0237-0245 
0300-0315 
0300-0325 


0300-0330 
0300-0330 
0300-0330 


0300-0330 


0300-0350 
0300-0355 
0300-0355 
0300-0400 
0300-0400 
0300-0400 
0300-0415 
0300-0426 
0300-0430 


0300-0600 © 


0300-0730 


0330-0355 
0330-0355 
0330-0400 


0330-041 





0330-0445 
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0530-0550 A 50, 9545. 
0530-0625 A 
0530-0730 C 
0545-0600 A 
0545-0730 B 11868, 9649 
0600-0615 C . 
0600-0630 B . 
0600-0630 C 17725, 17755, 1524 
0600-0700 C 
0600-0700 A 035 
0600-0700 C 780, 15220 
0615-0630 ) 30, 9655, 6140 iMon-F 
0625-0855 c 5, 12350, 9750 
0630-0700 B 0, 17725, 15248, 9670 
0645-0700 B 5, 9730, 9655. 6140 iMon-F 
0657-0955 C 
0700-0715 c 
0700-0800 D 

ent changes} 
0700-0800 c 0, 9848, 7512 
0700-0900 R 0, 17725, 11748, 9670, 957 
0707-0715 A 0, 6135 {Sat} 
0730-0745 A 0, 6135 {Sat} 
0730-0825 B 9718 
0730-0900 B 0, 11955, 9646, 9510 
0730-1130 C 5, 6105 
0755- c 
0800-0815 B 
0830-0925 } 
0830-1000 C § or 11890 





Explanatory Notes. 

1. Times in first column are EST. For AST, add 1 hour. CST, subtract 1 hour. MST, subtract 2 hours, PST, subtract 3 
hours. Days of week are in GMT. 

2. Quality. A—strong signal and very reliable reception. B—regular reception. C—occasiona! reception under favorable 
conditions. D—rarely audible. These ratings are for locations in the central USA. European and African stations are in 
general, more reliably received in eastern North America. Asian and Pacific stations are more reliably received in 
western North America. North American stations are received well except in areas too close to the transmitter site. 

3. The information in this listing is correct to press time. However, frequencies and schedules are constantly changing. 
Listen to ‘DX Digest’ on R. Canada International for late changes, Sunday at 1807; 1915 (to Europe); GMT Mondays 
at 0117 and 0317; and Wednesdays at 2140. 

4. R.—Radio; V.—Voice 
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“offers equalization capabilities 
of more expensive commercially — Hustler has 


built units at just a the antenna you’re 


| fraction of the cost.  . looking for! 
_ Len Feldman in K-E CC g 





Mobile or base station. 
Whatever your needs, Hustler 
has the quality for exceptional 
mechanical and electrical 
performance. The result of 


unique engineering expertise 
and innovation, respected 
throughout the industry. 

For outstanding antenna 
quality, look to Hustler! 


See your dealer or write: 


oS more info avail able or psend! $2. 50 : HUSFLER « 
(refundable ) for review, schematic, ; d J; 


wc oS assembly . a eR oe 
. ee : Kissimmee, Florida 32741 


(303) 669-1567 
Clearly the choice of those 


SYMMETRIC | who know quality. 
SOUND | 
bo) Gols © oli, bo) 


DEPT. B 
on Knobcone PL, Loveland, CO 80537 





CIRCLE NO. 54 ON FREE INFORMATION CARD CIRCLE NO. 29 ON FREE INFORMATION CARD 





Dual Time 
Alarm 
Chronograph 


With 3-year rechargeable 
battery, full 12-hour 

/ precision stopwatch, 24- 

’ hour alarm...all at an 
affordable price! 

















Featuring: 
¢ Famous Quartz Accuracy 

¢ Dual Time Zone 

¢ 3 Year Rechargeable Battery 


L t priced Sol ¢ Electronic Calendar 
Poweren pa oe ¢ Full Chronograph With 1/10 


Chronograph ever Second Precision 
ae ¢ Continuous Liquid Display 


offered $4995 + Night Light For Evening 


Viewing 
Now, we have combined all the features of our best selling 
Dual Time Alarm Chronograph with an outstanding new fea- 
ture— SOLAR POWER! A combination that Seiko or Citizen 
can't match, even at $200.00 more. 


Check the value you get for $49.95 


¢ Powerful Solar Recharger— Fully recharges itself even in 
artificial light. Power that is guaranteed for three full years 
with life expectancy of many more. You can forget trouble- 
some battery changes! 

¢ Dual Time — Set this world traveller for your home time 
and the time of any other city in the world... .at the touch of 
a button. An easily read flag tells you which time you're 
viewing. 
Shows hour, minute, and day LA c, 
of the week in both time Li- Win 
zones, plus running seconds 
or date. 


¢ 24 Hour Alarm— Loud alarm can be preset for any minute 
of the day or night. Constantly read indicator lets you know 
when the alarm is set. 

¢ Full Chronograph— With 1/10 second precision, add time 
and split time. Add time lets you time everything from a 
telephone call to a trip... up to 12 full hours. Split time 

stops the timing so you can note the interim for lap time. 

Automatically resumes original 

‘ ai ES rt | - ~,| timing after a few seconds. 

(Qe Ty] Shown: 12 hrs. S9minutes, 

Oe a 2rigeae st 6G. 47. B 9 
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59.8 seconds. 








¢ Flashback Feature — Lets you go from chronograph time 
to regular time and back again... without losing elapsed 
time on chronograph. 

¢ Quartz Accuracy—To + 5 seconds a month. 


Continuously Shows: 
¢ Hours, Minutes, Seconds 
— Or, date can replace 
seconds if you choose 
¢ Day-Of-Week Flag 
¢ AM/PM Indicator 


¢ Water Resistant Credibility — Our watch is splash-proof. 
It resists splashes and spills. Don’t be misled by claims of 
water resistance. No Alarm Chronograph on the market to- 
day meets the recognized three atmospheres test (90 ft. 
of water). 
¢ Beautiful Styling — With bold new case design featuring 
extra large mode buttons for easier setting. Available with 
handsome stainless steel bracelet with snap fastener 
uaranteed to fit comfortably. 
uality Gold Plating — Optional Goldtone model now 
“availabe with long lasting 5 micron gold plating. 
Easy to order. Call our Toll Free Number below or fill in the 
convenient order form. 15 day return option if not comple- 
tely satisfied. Three-year warranty on rechargeable solar 
battery. One year factory warranty on watch. Comes to you 
in an attractive gift box. Order yours today! 


MEDIA MARKETING, dC. 
10155-9 Plano Rd. « Dallas, TX 75238 
CJ Yes please send me_______ Solar Dual Time Alarm 
Chronograph(s) at $49.95 each, plus $2.50 postage and 
handling. Texas residents add 5% tax. 
CJ Silvertone _) Goldtone $59.95 
Name 
Address 
City 
States se Oe oe Se eae 
(_} Check or Money Order enclosed. 
Charge to: (.) Master Charge Expires 
C) Visa 
Account # 
Signature 


ORDER TOLL FREE 1-800-527-7066 
In Texas Call 1-214-349-3120 om 


PE-048 1979 
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3D GRAPHICS 


WO-DIMENSIONAL graphics at various 

levels of resolution are quite Common. 
Some computers, especially the newer ones, 
come with built-in graphics capability, while 
older machines (especially the S-100 vari- 
ety) rely on plug-in boards. In either case, 
reasonably high-resolution graphics, even in 
color, present no problem. 

Now there is a new approach: user-con- 
trolled, full three-dimensional graphics. De- 
signed for the Apple Il, the graphics are pro- 
vided by the A2-3D1 Animation Package from 
SubLogic, Box V, Savoy, IL 61874. This soft- 
ware package is available on cassette for 
$45, and the diskette version is $55. 
Although it has limited use with 16K of RAM, 
24K is required for optimum utility. 

After a 10K machine-language program is 
placed in memory, for an introduction, some 
simple BASIC commands allow you to 
maneuver a three-dimensional cube around 
the screen. The cube can be rotated on any 
of its axes, can be moved closer to or farther 
away from the viewers “‘eye’’, and can even 
be made to move off the screen to either 
side, then apparently pass around (or over) 
the viewer and return to the screen. The 
perspective of the figure changes with rota- 
tion and movement. 

The manuals explain how to create various 
shapes, or groups of shapes, and move them 
about. On the Apple, the viewed objects use 
the 140 X 192 high-resolution mode and can 
move at 150 lines per second, with a 20-line 
drawing presented at 5 frames per second. 
The variable field of view also allows camera- 
like Zooming. 

Besides a 32-page Load and Go manual 
that guides the user through an orientation 
session, there is also an 84-page booklet 
that completely covers the machine lan- 
guage and BASIC programs. Special features 
include array generation of line start and end 


points so that the program can be used with The SubLogic 
future graphic output devices; a zero-page A2-3D1 Apple II 
restore that leaves all zero-page variables Animation Ee ackage 
intact after subroutine exit; a page control pr ovides full 
that allows selective page erase, display and three-dimensional 
draw to permit smooth animation; and a graphics whach 
selective erase feature that allows move- can be easily 
ment of viewed objects without erasing the maneuvered on 

the screen. 


full screen. 

Another package, Load and Go 3D Graph- 
ics in BASIC for the Apple Il with Applesoft, is 
also available. This package contains a 60- 
page BASIC 3D graphics manual and a 22- 
page preliminary manual. The BASIC version 
on cassette is $30 ($10 extra for diskette) 
and generates its own trig functions. There- 


By Leslie Solomon 
Technical Director 


fore, the listing may be adapted for other 
BASIC-using computers from a Level Il TRS- 
80 to more complex models. 


Tarbell Disk. The VDS-Il Vertical Disk Sub- 
system includes two Seimens 8” disk drives, 
Tarbell Floppy Disk Interface, CP/M Disk 
Operating System, and Tarbell BASIC. It is 
assembled, tested and packaged, with fan 
and power supply. It includes all cables and 
complete documentation. The system uses 
standard IBM-compatible soft-sectored 8” 
diskettes. Capacity per drive is 256K bytes 
with a 250-kHz transfer rate. The interface is 
S-100. Four extra slots allow four more 
drives. $1888 from Tarbell Electronics, 950 
Dovien Place, Suite B, Carson, CA 90746 
(Tel: 213-538-4251 or 2254). 


Reserve Power. The APPLEJUICE reserve 
power supply protects against program inter- 
ruption and data loss due to power flickers 
and brownouts. It provides a visual, audible 
and electronic signal output to alert the user 
when a power failure is occuring. Designed 
for the Apple computer line, the power supply 
back-up time is approximately 15 minutes. 
$249 from High Technology, Inc., 1611 N.W. 
23rd St., Oklahoma City, OK 73106 (Tel: 405- 
528-8012). 


S-100 Mainframe. This 12-slot actively ter- 
minated S-100 mainframe measures 1158 
inches high, 7 inches wide and 18 inches 
deep and comes complete with fan and cir- 
cuit breaker. It supports + 8 volts at 20 amps 
and + 16 volts at 4 amps. Input may be 105, 


115 or 125 volts ac. It features a flip-top 
cover and comes in various colors. $399.95 
assembled ana tested from California:Com- 
puter Systems, 309 Laurelwood Dr., Santa 
Clara, CA 95050 (Tel: 408-988-1620). 


Apple Lower Case. The Keyboard Expand- 
or is a hardware-software modification to an 
Apple Il that allows it to use both upper and 
lower case. The shift keys can be used con- 
ventionally. The hardware change is a one- 
wire modification. The software modification 
is a transparent machine-language routine 
that augments the capabilities of the monitor 
while avoiding its upper case conversion 
code. All Apple |i characters and editing func- 
tions are permitted as well as cap and shift 
lock. It requires “4K of memory. $20 from 
C&H Micro, P.O. Box 249, Clifton Park, NY 
12065. 


$-100 Accessories. A catalog of various 
S-100 plug-ins such as memories, disk sys- 
tems, motherboards, multi-l/O ports, and 
software is available from Thinker Toys, 5221 
Central Ave., Richmond, CA 94804. 


Apple Graphics. The Versa-Writer is a digi- 
tizer and software package for the Apple Il. 
Sixteen commands permit fill-in coloring 
using six colors and control cursor move- 
ment, horizontal and vertical scaling, center- 
ing On screen, and storing and recalling to 
and from disk, etc. The drawing board plugs 
into the game I/O, and requires 32K of RAM, 
Applesoft in ROM and Disk Il. $199 from 
Rainbow Computing Inc., 9719 Resada Bivd., 
Northridge, CA 91324 (Tel: 213-349-5560). 


KIM I/O. This RS-232 interface is designed 
for the AIM/KIM/SYM microcomputers, to 
allow these devices to connect to any RS- 
232 terminal, printer or modem. The I/O fea- 
tures 15 baud rates, programmable word 
length, a choice of stop bits, odd/ even pari- 
ty, serial echo mode, interrupt and status 
register, half/full duplex operation, parity/ 
framing/overrun error detection, expansion 
connector and a DB25 connector. Kit is 
$69.95, wired/tested is $84.95. Fobel Enter- 
prises, 552 E. El Morado, Ontario, CA 91764 
(Tel: 714-984-887 1). 


Real Time Clock. The CompuClock six- 
digit, noninterruptable digital clock delivers 
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time and date via an RS-232C port of any 
computer. It can operate for about two weeks 
on its internal battery if the display is turned 
off. Comtronics, 105 N.W. 43rd St., Boca 
Raton, FL 33431 (Tel: 305-392-8700). 


PET Graphics. The K- 1008A-P Visible Mem- 
ory is a graphics display board that upgrades 
the PET system by providing a high-resolu- 
tion matrix of 64,000 dots (320 wide by 200 
high) with each dot independently controlled. 
During image update, there is no visible inter- 
ference. When not used for graphics, the 
board serves as an 8K-byte expansion. It 
interfaces via the K-1007A-1 bus adapter 
with easily detached ribbon cable intercon- 
nects. Without the bus adapter, the Visible 
Memory can be used with the AIM-75, KIM-1 
and SYM-1 computers. $243. The K-1007A- 1 
bus adapter is $99, the K-1004A-P card file 
is $80, and the K-1008-3C software is $20. 
Micro Technology Unlimited, 841 Galaxy 
Way, P.O. Box 4596, Manchester, NH 03108 
(Tel: 603-627-1464). 


Work Station. The 90 Micro Work Station 
features the Quay 90MPS or 9O0F/MPS sin- 
gle-board computer, power supply and a 
wood-grain base with hinged plastic cover. 
The QOMPS includes a Z80, up to 65K 
dynamic RAM, up to 14K of EPROM, 1K of 
static RAM, up to eight 8-bit programmable 
\/O ports, four programmable counter/tim- 
ers, RS-232 or 20-mA ports with selectable 
baud rates, 2.5- or 4-MHz operation and a 
PROM-resident system monitor with debug 
capabilities. It also includes a DMA floppy- 
disk compatible with Digital Research CP/M 
and an S-100 bus adapter. $1050 with 4K 
dynamic RAM, $1675 with 16K dynamic 
RAM. Quay Corporation, P.O. Box 386, Free- 
hold, NJ 07728 (Tel: 201-681-8700). 


Custom Enclosure. Vacuum-formed from 
ABS flame-retardant plastic, the MicroDaSys 
enclosure kit has cassette wells and protec- 
tive feet. Machined for assorted I/O connect- 
ors and having a 4” fan, the enclosure sup- 
ports a 64-key ASCIl board that generates all 
128 codes, a +8-volt supply at 16 amperes, 
and +16 volts at 2 amperes. A 6-slot S-100 
motherboard allows any S-100 plugin. $249 
kit, $299 assembled. MicroDaSys, Box 
36051, Los Angeles, CA 90036 (Tel: 213- 
935-4555). 


Video RAM. The PV-1 is a user-program- 
mable video RAM that ‘‘looks”’ like a memo- 
ry-mapped 1K-by-8 RAM and contains a pro- 
grammable CRT controller with internal/ 
external sync capability. Via its 75-ohm com- 
posite video output, any screen format up to 


16 lines by 64 characters can be generated. ~ 


The characters can be 10X13, 10X16, or 7X9 
upper/lower case with adjustable width and 
screen position. The PV-1 requires a single 
5-volt line, can be simply configured for USA/ 
European video standards, and has intensity 
control and character blink /inverse. It can be 
easily mixed with a conventional TV camera 
output so that combined analog and digital 
display can be produced. The device will 
generate 96 ASCIl and 32 graphics symbols. 
The 4.5” X 6” module can be interfaced to 
almost any micro-minicomputer. $295 from 
Matrox Electronic Systems, Ltd., 2795 Bates 
Rd., Montreal, Quebec, Canada H3S 1B5 
(Tel: 514-481-6838 or 735-1182). © 
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Featuring 
1802 


RCA COSMACCPU—_§$§. “= 


Own a powerful home computer system, starting for just $99.95—a price that 
gets you up and running the very first night... with your own TV for a video 
display. $99.95 ELF Il includes RCA 1802 8-bit microprocessor addressable to 64k 
bytes with DMA, interrupt, 16 registers, ALU, 256 byte RAM, full hex keyboard, 
two digit hex output display, stable crystal clock for timing purposes, RCA 1861 
video IC to display your programs on any video monitor or TV screen and 5-slot 
plug-in expansion bus (less connectors) to expand ELF II into a giant! 

ELF II Explodes Into A Giant! 

Master ELF II's $99.95 capabilities, then expand with GIANT BOARD ... 
KLUGE BOARD...4k RAM BOARDS. _TINY BASIC ..ASCIl KEYBOARD... 
LIGHT PEN... ELF-BUG MONITOR. COLOR GRAPHICS & MUSIC SYSTEM... 
TEXT EDITOR. ..ASSEMBLER.. DISASSEMBLER.. VIDEO DISPLAY BOARD 

...and, another great reason for getting your ELF now- 


BREAK THROUGH! 


Netronics proudly announced the release of 
the first 1802 FULL BASIC, written by L. 
Sandlin, with a hardware floating point RPN 
math package (requires 8k RAM plus ASCII and 
video display boards), $79.95 plus $2 p&h. Also 
available for RCA VIP and other 1802 systems 


Board includes area for a ROM version. 


Master This Computer In A Flash! 

Regardless of how minimal your computer backgreund is now, you can learn 
to program an ELF Il in almost no time at all. Our Short Course On Micropro- 
cessor & Computer Programming —written in non-technical language—guides you 
through each of the RCA COSMAC 1802's capabilities, so you'll understand 
everything ELF || can do. . and how fo get ELF I! to do it! Don't worry if you've 
been stumped by computer books before. The Short Course represents a major 
advance in literary clarity in the computer field. You don't have to be a computer 
engineer in order to understand it. Keyed to ELF Il, it's loaded with “hands on” 
illustrations. When you're finished with the Short Course, neither ELF Il nor the 
RCA 1802 will hold any mysteries for you- 

In fact, not only will you now be able to use 2 personal computer creatively, 
you'll also be able to read magazines such as BYTE. . INTERFACE AGE. . . POPU- 
LAR ELECTRONICS and PERSONAL COMPUTING and fully understand the 
articles. And, you'll understand how to expand ELF Il to give you the exact 
capabilities you need! 

If you work with large computers, ELF Il and the Short Course will help you 
understand what they're doing. 

Get Started For Just $99.95, Complete! 

$99.95 ELF Il includes all the hardware and software you need to start writing 
and running programs at home, displaying »:deo graphics on your TV screen and 
designing circuits using a microprocessor -the very first night—even if you've 
never used a computer before. 

ELF Il connects directly to the video input of your TV set, without any addi- 
tional hardware, Or, with an $8.95 RF modulator (see coupon below), you can 
connect ELF Il to your TV's antenna terminals instead. 

ELF Il has been designed to play all the video games you want, including a 
fascinating new target/missile gun game that was developed specifically for ELF 
ll. But games are only the icing on the cake. The real value of ELF Il is that it 
gives you a chance to write machine language programs—and machine language 
is the fundamental language of all computers. Of course, machine language is 
only a starting point. You can also program ELF Ii with assembly language and 
tiny BASIC. But ELF II's machine language capability gives you a chance to 
develop a working knowledge of computers that you can’t get from running only 








Netronics R&D Ltd., Dept PE-4 


___O RCA COSMAC ELF I 


kit at $99 95 plus $3 postage and 
handling (requires 63 to 8 volt AC power 





"supply) 
C Power Supply (required). $4 95 posiparc 
1 RCA 1802 User s Manua 


(1) Tom Pittman s Short Course On Microprocessor & Computer 
Programming teaches you just abou! everything there is to know 
about ELF || or any RCA 1802 computer Written in non-technical 


$5 nostnand 
Oo) POSIDAIG 


$3 p&h. 


333 Litchfield Road, New Milford, CT 06776 


Yes! | want my own computer! Please rush me— 
language, it's a learning breakthrough for engineers and laymen 
alike $5 postpaid 

© Deluxe Metal Cabinet with plexiglas dust cover for ELF ll. 
$29.95 plus $2.50 p&h 

© 1am also enclosing payment (including postage & handling) for 
the items checked below! 

CI want my ELF Il wired and tested with power supply, RCA 
1802 User's Manual and Short Course—all for just $149.95 plus 


Write and run programs-the 
very first night-even if you've 
never used 


You're up and running with video graphics for just $99.95 — 
then use low cost add-ons to create your own personal system 
that rivals home computers sold for 5-times ELF II's low price! 


a computer before! 


pre-recorded tape cassettes. 
ELF II Gives You The Power To Make Things Happen! 

Expanded, ELF II can give you more power to make things happen in the real 
world than heavily advertised home computers that sell for a lot more money. 
Thanks to an ongoing committment to develop the RCA 1802 for home computer 
use, the ELF Il products—being introduced by Netronics—keep you right on the 
outer fringe of today’s small computer technology. It's a perfect computer for 
engineering, business, industrial, scientific and personal applications. 

Plug in the GIANT BOARD to record and play back programs, edit and 
debug. programs, communicate with remote devices and make things happen in 
the outside world. Add Kluge (prototyping) Board and you can use ELF Il to 
solve special problems such as operating a complex alarm system or controlling 
a printing press. Add 4k RAM Boards to write longer programs, store more 
information and solve more sophisticated problems. 

ELF Il add-ons already include the ELF II Light Pen and the amazing ELF-BUG 
Monitor —two extremely recent breakthroughs that have not yet been duplicated 
by any other manufacturer. 

The ELF-BUG Monitor lets you debug programs with lightening speed because 
the key to debugging is to know what's inside the registers of the microproces- 
sor. And, with the ELF-BUG Monitor, instead of single stepping through your | 
programs, you can now display the entire contents of the registers on your TV 
screen. You find out immediately what's going on and can make any necessary 
changes. 

The incredible ELF Ii Light Pen lets you write or draw anything you want on a 
TV screen with just a wave of the “magic wand.” Netronics has also introduced 
the ELF Il Color Graphics & Music System—more breakthroughs that ELF Il 
owners wete the first to enjoy! 

ELF ll Tiny BASIC 

Ultimately, ELF Il understands only machine language—the fundamental coding 
required by all computers. But, to simplify your relationship with ELF Il, we've 
introduced an ELF I! Tiny BASIC that makes communicating with ELF Il a 
breeze. 


Now Available! Text Editor, Assembler, 
Disassembler And A New Video Display Board! 

The Text Editor gives you word processing ability and the ability to edit 
programs or text while it is displayed on your video monitor. Lines and charac- 
ters may be quickly inserted, deleted er changed. Add a printer and ELF Il can 
type letters for you—error free—plus print names and addresses from your 
mailing.list! 

ELF \i's Assembler translates assembly language programs into hexidecimal 
machine code for ELF Il use. The Assembler features mnemonic abbreviations 
rather than numerics so that the instructions on your programs are easier to 
read-—this is a big help in catching errors. 

ELF Il's Disassembler takes machine code programs and produces assembly 
language source listings. This helps you understand the programs you are 
working with. . .and improve them when required. 

The new ELF I! Video Display Board lets you generate a sharp, professional 
32 or 64 character by 16 line upper and lower case display on your TV screen or 
video monitor—dramatically improving your unexpanded $99.95 ELF Il. When you 
get into longer programs, the Video Display Board is a real blessing! 


Now Available! 


OC A-D/D-A Board Kit includes 1 channel (expandable to 
4) D-A, A-D converters, $39.95 plus $2 postage & hand- 
ling. . 
CO) PILOT Language—A new text-oriented language that 
allows you to write educational programs on ELF II with 
speed and ease! Write programs for games. ..unscram- 
bling sentences...spelling drills...‘‘fill in the missing 
word’’ tests, etc.! PILOT is a must for any ELF II owner 
with children. P/LOT Language on cassette tape, only 
$19.95 postpaid! 
(1) Game Package on cassette tape (requires 4k RAM), 
$9.95 plus $2 postage & handling. 

Clip Here and Attach to Your Order Below! 


PHONE ORDERS ACCEPTED! 
Call (203) 354-9375 



















Total Enclosed $ : 
(Conn. res. add tax) 


CHARGE IT! Exp. Date 


O Visa © Master Charge 
(Banks 47224) 








Account # 





IN 


ALSO AVAILABLE FOR ELF 86§ ——aA Sec 











C GIANT BOARD! kit with cassette 1/0. RS 232- 
C/TTY 1/0. 8-bit P 1/0. decoders for 14 separate 1/0 
instructions and a system monitor editor $39.95 plus 
$2 p&h 

0 Kluge (Prototype) Board accepts up to 36 ICs 
$17.00 plus $1 p&h 

1) 4k Static RAM kit. Addressable to any 4x page to 
64k $89.95 plus $3 p&h 

1 Gold plated 86-pin connectors (one requires for each 
plug-in board) $5.70 ea . postparc 

[1 Expansion Power Supply (required when adding 4k 
RAM) $34.95 plus $2 p&h 

CJ Professional ASCII Keyboard «it wth 128 ASCII 
upper/lower case set. 96 printable characters. onboard 
regulator. parity. logic selection-anc chorce of 4 hand- 


shaking signals to mate with almost any computer 
$64.95 plus $2 p&h 

Deluxe metal cabinet for ASCI! Keyboard. $19.95 
plus $2 50 p&h 

(1) Video Display Board kit ‘e's you 














generate a sharp. 





professional 32 or64 character by 16 lme upper and 
ower Case display on your tv Screen or wiGeo monitor — 
dramatically improving your unexpanded $99 95 ELF II 

(Fits inside ASCI! Keyboard cabinet ) $89.95 


plus $2 p&h 
C ELF Il Tiny BASIC on cassette tape Com- 


26 variables A-Z. LET. IF/THEN, INPUT. PRINT. GO TO. 
GO SUB. RETURN. END. REM. CLEAR. LIST. RUN. 
PLOT. PEEK. POKE. Comes fully documented and in- 
cludes alphanumeric generator required to display 
alphanumeric characters directly on your tv screen with- 
out additional hardware. Also plays tick-tack-toe plus a 
drawing. game that uses ELF II's hex keyboard as a joy- 
stick. 4k memory required. $14.95 postpaid 

© Tom Pittman’s Short Course on Tiny Basic for ELF Il. 
$5 postpaid 

© etr-Buc™ peluxe System Monitor on cassette 
tape. Allows displaying the contents of all registers on 
your tv at any point in your program. Also displays 24 
bytes of memory with full addresses. blinking cursor 
and auto scrolling. A must for the serious programmer! 
$14.95 postpaid 

OC Text Editor on cassette tape gives you the ability to 
insert. delete or edit lines and words from your programs 
while they are displayed on your video monitor. (Add 
printer and you can use ELE II to type error-free letters 
plus insert names and addresses from your mailing list.) 
$19.95 postpaid 

C Assembler on cassette tape translates assembly 
language programs into hexidecimal machine code for 
ELF Il use. Mnemonic abbreviations for instructions 
(rather than numerics) make programs easier to read 
and help prevent errors. $19.95 postpaid 


mands include SAVE LOAD + x. = (). (© Disassembler on cassette tape takes machine code 


programs and produces assembly language source list- 
ings to help you understand and improve your programs 
$19.95 on cassette tape 
SAVE $9.90—Text Editor. Assembler & Disassembler 
purchased together. only $49.95! (Require Video Dis- 
play Board plus 4k memory.) 
CD ELF Il Light Pen, assembled & tested. $7.95 plus $1 
p&h 
OC ELF II! Color Graphics & Music System Board kit. 
$49.95 plus $2 p&h 
C2 ELF II connects directly to the video input of your tv 
set without additional hardware. To connect ELF |! to 
your antenna terminals instead. order RF Modulator. 
$8.95 postpaid 

Coming Soon: A-D. D-A Converter. Controller Board 
and more! 


Print 
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State 





Zip 3 | 
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Alabama inland Computer Society Southern California Computer Society 


Birmingham Microprocessor Group 
774 Twin Branch Dr. 

Birmingham, AL 35226 

Att: Joe Callaway 


North Alabama Computer Club 
1409 Blevins Gap Rd. S.E. 
Huntsville, AL 35802 

Att: Jack Crenshaw 


Alaska 

Anchorage Computer Group 
364 Sixth St. 

Ft. Richardson, AK 99505 
Att: Constantine T. Papas 


California 

The Apple Core 

POB 4816, Main Post Office 
San Francisco, CA 94101 
Att: Scot Kamins 


Association for Educational Data 
Dept. of Education 

6401 Linda Vista Rd. 

San Diego, CA 92111 

Att: Dr. Jane D. Gawronski 


Bay Area Microprocessor 
Users Group (BAMUG) 

1211 Santa Clara Ave. 

Alameda, CA 94501 

Att: Timothy O’Hare 


Bay Area Micro Group 
4565 Black Ave. 
Pleasanton, CA 94566 


Beverly Hills HS Computer Club 
241 San Marino Dr. 
Beverly Hills, CA 90212 


Calculator Lib: The Liberated Calculator 
Users Club 

POB 2151 

Oxnard, CA 93034 

Att: Gene Hegedus 


California Computer Society 
POB 9459 

North Hollywood, CA 91609 
Att: Sheila Clark 


Computer Organization of Los Angeles 
POB 43677 
Los Angeles, CA 90043 


Computer Guild 
POB 255232 
Sacramento, CA 95825 


Computer Information Organization, Inc. 
POB 158 

San Luis Rey, CA 92068 

Att: Bill McLaughlin 


Compucolor-Intercolor Users Group 
5250 Van Nuys Bivd. 

Van Nuys, CA 91401 

Att: Stan Pro 


Computer Phreaques United 
2090 Cross St. 

Seaside, CA 93955 

Att: Mac McCormick 


Diablo Professional Users Group 
321 Golf Club Rd. 

Pleasant Hill, CA 94523 

Att: R. Hendrickson 


Glendale College Computer Club 
1500 N. Verdergo Rd. 

Glendale, CA 91208 

Att: R. Unterman 


Homebrew Computer Club 
POB 626 

Mountview, CA 94042 

Att: Robert Reiling 


POB 55052 
Riverside, CA 92517 
Att: Tom Munnecke - 


Jim McCord 
330 Vereda Legenda 
Goleta, CA 93017 


Litton Calculator/Computer Club 
Litton Guidance and Control Systems 
Ms 78/31 

5500 Canoga Ave. 

Woodland Hills, CA 91364 


LLLRA Hobbyist Group 
35 West Essen St. 
Stockton, CA 95204 
Att: Charles D. Hoover 


LO*OP Center 
8099 La Plaza 
Cotati, CA 94928 


North Orange County Computer Club 
POB 3603 
Orange, CA 92665 


29 Palms Area Group 

Box 3558 C&E Schools M.C.B. 
29 Palms, CA 92278 

Att: Sgt. Wesley Isgrigg 

or 

13-C Copper Drive M.C.B. 

29 Palms, CA 92278 

Att: Sgt. Stanley E. Herr 


PPC 

2541 W. Camden PI. 
Santa Ana, CA 92704 
Att: Richard J. Nelson 


Pomona Group 

4155 Oak Hollow Rd. 
Claremont, CA 91711 
Att: Al Sutton 


Proteus 
1690 Woodside Rd. #219 
Redwood City, CA 94061 


Robot Builder 

208 Via Colorin 

Palos Verdes Estates, CA 90274 
Att: Michael Westivig 


Sacramento Minicomputer Users Group 
Box 741 
Citrus Heights, CA 95610 


Sacramento Microcomputers Users Group 
POB 161513 
Sacramento, CA 95816 


San Gabriel SCCS 
400 S. Catalina Ave. 
Pasadena, CA 91106 
Att: Dan Erikson 


San Luis Obispo Micro-Computer Club 
439B Marsh St. 
San Luis Obispo, CA 93401 


Santa Barbara Computer Group 
210 Barrunca, Apt. 2 

Santa Barbara, CA 93101 

Att: Glenn A. McComb 


Santa Barbara Nameless Computer Club 
1445 La Clima Rd. 

Santa Barbara, CA 93101 

Att: Doug Penrod 


Solus, The Sol Users Society 
POB 23471 
San Jose, CA 95153 


6800 Computer Club 
POB 18081 

San Jose, CA 95158 
Att: Ray Boaz 


POB 987 
South Pasadena, CA 91030 


Southern California Computer Society 
Box 54751 
Los Angeles, CA 90054 


UCLA Computer Club 
3514 Boelter Hall 
UCLA 

Los Angeles, CA 90024 


Valley Chapter, SCCS 
5652 Lemona Ave. 
Van Nuys, CA 91411 
Att: R. Stuart Gibbs 


Ventura County Computer Society 
POB 525 
Port Hueneme, CA 93041 


Colorado 

Denver Amateur Computer Society 
POB 6338 

Denver, CO 80206 


Connecticut 

Bridgeport Area Society for Involved Computerist 
(BASIC) . . 

12 Wildwood Dr. 

Trumbull, CT 06611 

Att: Al Song 


The Computer Club 
6 Maureen Dr. 
Simsbury, CT 06070 
Att: Harold Bender 


Connecticut Microists 
60111 Wendy Lane ~ 
Westport, CT 06881 
Att: George Ahmuty 


The Southern New England Computer Society 
267 Willow St. 

New Haven, CT 06511 

Att: Arthur Downes 


University of Hartford Microcomputer Club 
College of English, Dana Hall 

200 Broomfield Ave. 

West Hartford, CT 06117 


District of Columbia 

Washington Amateur Computer Society 
4201 Massachusetts Ave. 

Apt. 168W 

Washington, DC 20016 

Att: Robert Jones 


Florida 

Central Florida Computer Club 
2821 Sunset Rd. 

Apopka, FL 32703 

Att: John W. Neil 


Fort Lauderdale Computer Club 
11080 N.W. 39th St. 

Coral Springs, FL 33065 

Att: Roberto Denis 


Indian. River Computer Society 
FIT Elect. Eng. Dept. 

Country Club Rd. 

Melbourne, FL 32901 

Att: Frank Canova 


Jacksonville Computer Club 
Regency East Office Park 
9951 Atlantic Blvd. Suite 326 
Jacksonville, FL. 32211 


Microcomputer Society of Florida 
POB 3284 Downtown Station 
Tampa, FL 33604 


Okaloosa Computer Hobbyist Club 
32 Denton Blvd., NW #72 

Fort Walton Beach, FL 32548 

Att: Loretta R. Guske 
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South Florida Computer Group CACHE (Chicago Area Computer Hobbyist’s Indianapolis Small Systems Group 
410 NW 117 St. Exchange) 54 Sherry Lane 
Miami, FL 33168 POB 52 Brownsburg, IN 46112 
South Holland, IL 60473 
Space Coast Microcomputer Club Louisville Area Computer Club 
1825 Canal Ct. Chicago Microcomputer User's Group 115 Edgemont Dr. 
Merritt Island, FL 32952 1102 S. Edison New Albany, IN 40218 
Att: Ray O. Lockwood Lombard, IL 60148 
Att: Bill Precht ies are Computer Hobbyist Club 
Tallahassee Amateur Computer Society UNCH 
RT 14, Box 351-116 Chicago Users Group ie rit Reo a Bldg. Purdue Univ. 
Tallahassee, FL 32952 195 Ivy Lane est Lafayette, IN 47907 
Att: Larry Hughes | Highland Park, IL 60035 Att: Don Gille 
University of Florida Amateur Computer Society ICE Qine Inc. lowa 
EE Dept. Rm 234, Larsen Hall POB 291 Eastern lowa Computer Club 
Gainseville, FL 32611 Western Springs, IL 60558 6026 Underwood Ave. SW 
Att: R.A. Hoekstra Cedar Rapids, IA 52404 
Georgia 
Atlanta Area Microcomputer Hobbyist Club Microcomputer APL Enthusiasts Eastern lowa Computer Club 
421-Ridgecrest Road , POB 574 NUMS POB 164 
Atlanta, GA 30307 303 E. Chicago Ave. Hiawatha, IA 52233 
Att: Jim Dunion Chicago, IL 60611 
2 Quad City Computer Club 
Atlanta Area Microcomputer Hobbyist Group Quad City Computer Club 2155 W. 30 St. 
POB 33140 421% 7th Ave. Davenport, IA 52804 
Atlanta, GA 30332 Rock Island, IL 61201 Att: Cecil Fretwell 
An Kansas 
Hawaii SCCS 5063 
Aloha Computer. Club, Inc. 14904 S. Calis Ave. ee eels Clie bases gh 
POB 4470 Posen, IL 60469 : 
Honolulu, Hl 96813 Att: Roy Emerson Kansas City, KS 66105 
Att: Bob Holz Att: Harold J. Schwartz 
SPC-12 Users Club 
Aloha Computer Club 7706 W. Gregory SOE) Ce One Amateur Computer 
94-360 Hokuala Street Chicago, IL 60656 
Apt. 187 Att: Manuel C. Martinez ee Clair 
Mililani Town, HI 96789 ichita, KS 67203 
indiana 
Kentucky 
Honolulu Apple Users Society Apple | Library ose S055) 
98-451-A Kaahumanu St. 51625 Chestnut Rd. oe fen ets ot Micra Cones 
Area, HI 96701 Granger, IN 46530 Louisville, KY 40218 
Att: Bill Mark Att: Joe Torzeski 
Louisana 
Idaho Beta lota Tau (Computer Fraternity) Crescent City Computer Club 
CSPCC R.H.I.T. Box 1901 
205 Foster, Apt. 2 Box 420 : ; 
Coeur d’Alene, ID 83814 Terre Haute, IN 47803 en OER EN ies 
Att: Richard R. Petke : 
lilinois N Orl 
Altair Chicago Floyd County Computer Enthusiasts Tia Hse ag to ie 
Park Ridge, IL 60068 New Albany, IN 47150 . Em; . 
Att: Nathan Eagle Att: Emile Alline 
CACHE (Chicago Area Computer Hobbyist’s Maryland 
Exchange) Hoosier Amateur Computer and L. Kluge Society Chesapeake Microcomputer Club, Inc. 
POB 36 111 S. College Ave. POB 87 
Vernon Hills, IL 60061 Bloomington, IN 47401 Silver Springs, MD 
Att: Bill Precht Att: Ray Borill Att: Rich Kuzmack 
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PUT THE REAL 
LIFE ACTION OF 
OUR TOWN IN 
YOUR SHIRT 
POCKET! 


Six channels of local as it hap- 
pens excitement packed inside 
“the smallest high-performance 
scanner package in the world’ 
Four bands of scanning action! 
15 channels per second scanning! 
Big scanner features like built-in 
Scan Delay, Channel Lockouts 
and Manual Channel selection. 
Patented Track Tuning on UHF 
bands. The Four-Six ThinScan”™ is 
small enough to slip easily into a 
shirt pocket or purse. Now you 
can take a// the excitement of 
police, fire and emergency broad- 
casts anywhere you go. 
Measures 2% x 6% x 1’ Rubber ducky 
antenna included. Frequency range: 
33-47, 152-164, 450-508 MHz. List 
price is $179.95, but from Communi- 
cations Electronics” yourcostis only 
$119.00. These accessories are also 
available for your Four-Six ThinScan™ 
scanner: SP50 AC Adapter $12.00; 
SP51 Battery Charger $12.00; SP57 
Carrying case with belt clip $15.00; . 
B-4 1.2 V. AAA NiCad’s (pack of 4) $15.00; A-135ce Crystal certificate 
$4.00 each. Add $5.00 per scanner for U.P.S. ground shipping in the 
continental U.S. or $9.00 for even faster U.P.S. air shipping. Add $3.00 
for all accessories ordered at the same time. Order now by credit card. 


Call our number below. iS t 









FOUR-SIX THINSCAN' 


™ 


COMMUNICATIONS 
ELECTRONICS” 


854 Phoenix 0 Box 1002 O Ann Arbor, Michigan 48106 U.S.A. 
Call TOLL-FREE (800) 521-4414 oroutside U.S.A. (313) 994-4444 


CIRCLE NO. 1 ON FREE INFORMATION CARD 





MONEY © TIME @ FREIGHT 


QUALITY STEREO EQUIPMENT 
AT LOWEST PRICES. 


YOUR REQUEST FOR QUOTA- 
TION RETURNED SAME DAY. 
FACTORY SEALED CARTONS— 
GUARANTEED AND INSURED. 


SAVE ON NAME BRANDS LIKE: 


PIONEER 
KENWOOD 


SHURE 


MARANTZ 


SANSUI 
DYNACO 
SONY 
KOSS 


AND MORE THAN 50 OTHERS 
BUY THE MODERN WAY 
BY MAIL— FROM 





aUGIC 
BANK CARDS ACCEPTED 
12 East Delaware 
Chicago, Illinois 60611 


312-664-0020 
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Massachusetts Scampus 
The Alcove Computer Club 2215-A Walker Dr. 
230 Main St. Omaha, NE 68123 
North Reading, MA 01864 Att: Tom Bohon 
The Boston Computer Society Nevada 
17 Chestnut St. Northern Nevada Computer Club 
Boston, MA 02108 c/o UNSCC 
Att: Jonathan Rotenburg POB 9068 
Reno, NV 89507 
Boston Area Group Att: Al Brady 


21 Sunset Ave. 
North Reading, MA 01864 


The New England Computer Society 
POB 198 

Bedford, MA 01730 

Att: Dave Day or Dave Milton 


TRS Club 

96 Dotham St. 
Arlington, MA 02174 
Att: Poi K. Pow 


Michigan 

Ann Arbor Computing Club 
1485 Newport Rd. 

Ann Arbor, MI 48103 

Att: Roger Gregory 


Computer Hobbyist Around Lansing 
4307 Mar Moor Dr. 

Lansing, MI 48917 

Att: Joyce & Marvin Church 


Detroit Area Club 
45466 Cluster 
Utica, Ml 48087 
Att: Dennis Siemit 


Jackson Hams and Hackers Commonwealth 
Association 

209 E. Washington St. 

Jackson, MI 49201 


Mid-Michigan Microgroup 
13121 Tucker Dr. 

Dewitt, Ml 48820 

Att: William T. Serviss 


Semco 

20,000 Great Oak Circle S. 
Mount Cemens, MI 

Att: Dick Weir 


Minnesota 

Advanced Technology Research Association 
POB 456 

Minneapolis, MN 55440 


Minnesota Computer Society 
POB 35317 

Minneapolis, MN 55435 

Att: Jean Rice 


Resource Access Center 
3010 4th Ave. S. 
Minneapolis, MN 55408 
Att: R. Koplow 


Small Computer Engineering Association of 
Minnesota 

POB 4244 

St. Paul, MN 55104 

Att: Mike Young 


Southeast Minnesota Amateur Computer Club 
2212 N.W. 17th Ave. 
Rochester, MN 55408 


XXX-11 

514 S. Sth St. 
Moorhead, MN 56560 
Att: C.R. Corner 


Montana 

Flathead Computer Society 
Box 236 

Lakeside, MT 59922 

Att: Ernest G. Brooner 


Missoula Amateur Computer Club 
2203 E. Crescent 

Missoula, MT 59801 

Att: David Eggebraaten 


Nebraska 

Mid-America Computer Hobbyist 
POB 13303 

Omaha, NE 68113 

Att: Thomas F. Smith’ 


Southern Nevada Personal Computing Society 
(SNPCS) 

1405 Lucilee St. 

Las Vegas, NV 89101 

Att: Edna H. Wells 


New Hampshire 

Nashua Area Computer Club 
181 Cupress Lane 

Nashua, NH 03060 

Att: Dwayne Jeffries 


New Jersey 

Amateur Computer Group of 
NewJersey 

1776 Raritan Rd. 

Scotch Plains, NJ 07076 

Att: Sol Libes 


Computer Group of South Jersey (New) 
503 West New Jersey Ave. 

Somers Point, NJ 07076 

Att: David Jones 


Holmdel Microprocessor Club 
Bell Tel. Labs. 

Rm 3D 317 

Holmdel, NJ 07733 

Att: Fred Horney 


New Jersey Apple Users Group 
Computer Lab. of N.J. 

141 Rt. 46 

Budd Lake, NJ 07828 

Att: Dan Fischier 


New Jersey Club 

37 Brook Dr. 

Dover, NJ 07801 
Att: Bruce C. Dallard 


Northern New Jersey Amateur Computer Group 
593 New York Ave. 

Lyndhurst, NJ 07071 

Att: Murray Dwight 


New Mexico 

Albuquerque Area Computer Club 
POB 866 

Corrales, NM 87048 

Att: Gary Tack 


New York 

AEC Transfer 

8 Gedney Way/ 147 Fostertown Rd. 
Newburgh, NY 12550 

Att: William Callahan Jr. 


Buffalo Group 

355 South Creek Dr. 
Depew, NY 14043 
Att: Chuck Fischer 


Capital Area Microcomputer Society 
Box 348, Ridge Rd. 

Scotia, NY 12302 

Att: Stanley L. Mathes 


Computer Hobbyists in Processing (CHIPS 
POB 4840 he 
General Electric Co. GSP3-16 

Syracuse, NY 13221 

Att: Dave Flagg or Jerry Green 


Electronotes 

1 Pheasant Lane 
Ithaca, NY 14850 
Att: Bernie Hutchins 


Ithaca Computer Group 
204 Dyden Rd 
Ithaca, NY 14850 

Att: Steve Edelman 


Long Island Computer Association 
POB 864 
Jamaica, NY 11431 
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Long Island Computer Association Computer Evaluate Trade Oklahoma | 

36 Irene Ln. E. | POB 104 Central Oklahoma Amateur Computing Association 
Plainview, NY 11803 Tipp City, OH 45371 (CENOACA) 5 ves 
Att: Aileen Harrison Att: Charles Tyzzer POB 2213 


Long Island Computer Club 
Popular Electronics 

One Park Ave 

New York, NY 10016 


Long Island Computer Users Society 
(LICUS) : 

POB 322 woes 

East Northport, NY 11731 

Att: John Vollers “i 


New York Amateur Computer Club 
106 Bedford St. “ 
‘New York, NY 10014 


New York Amateur Computer Club 
POB 106 

Church Street Station 

New York, NY 10007 

Att: Bob Schwartz orJohn Frederick 


New York City Micro Hobbyist Group 
375 Riverside Dr. Apt 1E 

New York, NY 10025 

Att: Robert Schwartz 


Niagara Regional Computer Group (NRCG) 
355 S. Creek Dr. : 
‘Depew, NY 14043 

Att: Chuck Fisher 


Rochester Area Microcomputer Society (RAMS) 
POB D 
Rochester, NY 14609 

Att: Glen Alexander 


Rome Area Computer Enthusiasts (RACE) 
RD 1, W. Carter Rd. 

Rome, NY 13440 

Att: Michael Troutman 


Stony Brook Homebrew Computer Club 
College of Eng. and Applied Science 
State University of New York 

Stony Brook, NY 11794 

Att: Dr. Ludwig Braun 


Students Cybernetic Laboratory (SCYL) 
RFD Box 260 

Chaffee, NY 14030 

Att: A.E. Adams 


Weschester Amateur Computer Society 
41 Colby Ave. 

Rye, NY 10580 

Att: Harold Shair 


Westchester Fairfield Amateur Computer Society 
RR1, Box 198 
Pound Ridge, NY 10576 


North Carolina 

Triad Amateur Computer Society 
3202 Winchester Dr. 
Greensboro, NC 27406 

Att: Doug Drye 


Triangle Amateur Computer Club ~ 
POB 17523 Ms 
Raleigh, NC 27609 

Att: Russell O. Lyday 


North Dakota 
_ Fargo-Moorhead Computer Club (FMCC) 

POB 2017 

Fargo, ND 58102 

Att: Dan Kay 


Ohio ‘ 

Amateur Computer Society of Columbus Ohio 
(ACSCO). 

Computer Data Systems 

1372 Grandview Ave. 

Columbus, OH 43212 

Att: Fred Hatfield 


Amateur Computer Society of Columbus 
408 Thurber Drive West #6 


Columbus, OH 43215 

Att: Walter Marvin Name 

The Cleveland Digital Group Address : 

8650 Harvard Ave. ; aes: 
Cleveland, OH 44105. City pidie. ee 


Att: David A. Rolnicki 
APRIL 1980 









Dayton Computer Club 
8668 Sturbridge Ave. 
Cincinnati, OH 45200 
Att: Doug Andress 


Dayton Microcomputer Association 
2629 Ridge Ave. 

Dayton, OH 45414 

Att: Jack Steele 


Goodyear Computer Club 
Goodyear T&R Company 
Akron, OH 44316 

Att: J.F. Derry, D-109E Pit 1 


Kim Users Group 
7656 Broadview Rd, Apt 201 
Parma, OH 44134 
Att: Erick Rehnke 


Midwest Alliance of Computer Clubs 
POB 83 

Brecksville, OH 44141 

Att: Gary Coleman 


SR-52 Users Group 

9459 Taylorsville Rd 
Dayton, OH 45424 

Att: Richard C. Vanderburgh 


Tri-State Computer Club 
508 Colony Dr. 
Wheelersburg, OH 45694 
Att: Douglas Troughton 


Universe Unlimited Group 
11981 Forest Ave. 
Cleveland, OH 44120 


Norman, OK 73070 
Att: Lee Lilly or Don Holyoke 


The Tulsa Computer Society 
POB 1133 

Tulsa, OK 74101 

Att: Jerry Henshaw 


Oklahoma City Club 

2412 S.W. 45th 
Oklahoma City, OK 73119 
Att: Bill Cowden 


Oregon 

N.W. Pet User’s Group 
2134 N.E. 45th Ave. 
Portland, OR 97213 
Att: John F. Jones 


Portland Computer Club 
2814 N.E. 40th Street 
Portland, OR 97212 
Att: Bill Marsh 


Portland Computer Society 
4032 S.E. Grant 

Portland, OR 97214 

Att: Percy G. Wood 


Portland Computer Society 
1003 Garland Street, Apt 4 
Woodburn, OR 97071 


Southwest OMSI Computer Club 

Southwest Oregon Museum of Science & Industry 
27 E. 5th Avenue 

POB 1052 


Eugene, OR 97401 | 


The Directory will be concluded next month. To have your club listed, send 


information to Computer Club Directory, 


New York, NY 10016. 
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They look expensive. 
They sound expensive. 


But they ‘re not because you 
build them yourself. 


TT 
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Poputar ELecTRONICS, One Park Ave., 








pane 3 


Imagine the pride and joy of owning one of the world’s great organs. And for up to 
50% less than an instrument of comparable sound and quality. Schober organ 
kits come in 5 different styles and sizes to fit your musical taste and budget. 


Mail this coupon today for free information. - 
The Schober Organ Corp., Dept. PE-89 ee 


he Magnificent Schober Electronic Organs. | 


43 West 61st Street, New York, N.Y. 10023 
_] Send me free catalog. 
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WITH 


Weller’ 
COMFORT-GRIP GUNS 


Dual-action trigger permits instant 
choice of 2 heats in all Weller’s pro- 
fessional quality guns, the most com- 
fortable, best-balanced units... 
anywhere. Pre-focused light for hard- 
to-see work areas like TV or under-dash 
auto service. Premium copper tips get 
up to temp faster .. . pre-tinned for 
instant soldering. Cutting or smoothing 
tips also, UL-listed and factory pre- 
tested. Models for any 
service including solid- 
State. Guns. alone or 
kits with case, spare 
tips, and accessories. 


Ask your 
local 

distributor 
or write... 


TheCooperGroup 
Electronics Division 


WELLER®+ WISS®+ XCELITE® 





COOPER 
INDUSTRIES 


P.O. BOX 728, APEX, NORTH CAROLINA 27502, 919/362-7511 
CIRCLE NO. 14 ON FREE INFORMATION CARD 
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Leslie Solomon 
Technical Director 


TRS-80 Dialer/Timer. This TRS-80 Level-Il _ 


BASIC program holds up to 500 names and 
telephone numbers in 16K, or 30 names and 
numbers in 4K. The cable that normally goes 
to the cassette remote jack is used to pulse 
the interface relay. The computer displays 
the name, number and area code of the party 
selected, then displays each digit as it is 
dialed. After contacting the remote party, hit- 
ting ENTER starts timing and displaying the 


call by the second. At the end of the call, the ~ 


user inserts rate and computer displays time 
and charge. $10 from Blechman Enterprises, 
7217 Bernadine Ave., Canoga Park, CA 
91307 (Tel: 213-346-7024). 


Text Processor. The Master Text Proces- 
sor, for the Apple Il and Apple Plus systems 
contains a mailing list and programmable 
form letter writer. It requires 32K of RAM and 
one or two disk drives. It features user- 
defined formatting, automatic line length 
adjust, and text merging, and_ includes 
change, insert, delete, text formatting, sen- 
tence merger, string location and word/ 
phrase replacement. $139.95 from CMA 
dealers. Charles Mann and Assoc., Micro 
Software Div., 7594 San Remo Trail, Yucca 
Valley, CA 92284 (Tel: 714-365-97 18). 


CP/M SBASIC. SBASIC (structured BASIC) 
is a pre-compiler offering the power of struc- 
tured programming for conventional BASIC. 
SBASIC provides additional statements for 
program control. These include IF .. FIN, 
UNLESS ..FIN, WHEN..FIN, ELSE.. FIN, 
FOR..FIN, REPEAT UNTIL. .FIN, REPEAT 
WHILE ..FIN, UNTIL..FIN, WHILE.. FIN, 
SELECT .. FIN, CONDITIONAL .. FIN, PRO- 
CEDURE ..FIN, and PERFORM. Thus, 
SBASIC allows the user to write exactly what 
is meant without GOTO’s or THEN’s. CP/M 
diskette is $50, BASIC source listing is $35. 
Ultimate Computer Systems, 313 Meadow 
Lane, Hastings, MI 49058 (Tel: 616-945- 
5334). 


TRS-80 Pencil Pal. If you use the Electric 
Pencil on your TRS-80, then the addition of 
Pencil Pal allows automatic merging of let- 
ters with an address file. It is entirely compat- 
ible with lower-case modifications. One or 
two fields within the address file may be used 
to select letters to be printed. $35 on cas- 
sette with documentation, or $5 for documen- 
tation alone. MicroComputer Specialists, 
P.O. Box 11295; Elkins Park, PA 19117, (Tel: 
215-635-2473). 


vides a unified set of floating-point support 


subroutines for any Z8002. 32-bit binary float- 
ing-point format is used to provide fast arith- 
metic operations, integer-float and _ float- 
integer conversions, float-ASCIl string repre- 
sentation, and ASCII string-float conversions. 
Precision is between 6 and 7 digits and 
exponent range is 1E—20 to 1E+20. The 
package is ROMable, and requires 1412 
bytes and 50 bytes of stack RAM. $99.95 
from Hemenway Associates, Inc., 101 Tre- 
mont St., Suite 208, Boston, MA 02108 (Tel: 
617-426-1931). 


Fantasy Software. The game called ‘‘Mor- 
loc’s Tower’ was designed for a PET with 
20K, TRS-80 Level Il with 16K, and Apple I 
with 32K and Applesoft in ROM. The game 
features a maze of 30 rooms, all displayed on 
screen, in the search for the elusive wizard, 
Morloc the Mad. It has full graphics and 18 
real-time commands. All forms of ‘‘magic”’ 
things appear on the screen—monsters, 
rings, swords, amulets, etc. There are three 
levels of difficulty that can be played. $14.95 
from Byte Shops or Automated Simulations, 
P.O. Box 4232, Mountain View, CA 94040 
(Tel: 415-964-802 1). 


Medical Package. This program handles all 
details of billing, insurance forms, treatment 
records, and many reports including charge 
and payment entry, patient statements, Blue 
Cross billings, Medicare submittals and re- 


_mittances, commercial insurance billing, col- 


lection accounting and dunning, patient pro- 
cessing, numeric or alphabetic patient listing, 
CPT-4 procedure and ICDA-9 diagnostic 
code reports, aged accounts receivables, 
third party accounting and reconciliation, and 
transaction reporting. Program is available on 
8” or various mini-floppies. Storage capacity 
of two-disk (8) single-density system: on 
Disk B, 1200 patient records and 2100 treat- 
ment / payment records; on Disk A, 1000 CPT 
codes and charges, 1000 diagnostic codes, 
and 2000 third-party billing records. Graham- 
Dorian Software Systems, Inc., 211 N. Broad- 
way, Wichita, KS 67202. 


Atari and Ti 99/4 Games. New line of 
software includes: for the Atari, All Star 
Baseball 6401, Wall Street Challenge 6402, 
Mind Master 6403, Strategy Packs | 6404 
and || 6405, and Skill Builder 6406; and for 
the Tl system, Tournament Brick Bat 9401, 
Wall Street Challenge 9402, Wildcatting 
9403, Strategy Pack | 9404, Mind Master 
9405 and Skill Builder | 9406. Image Comput- 
er Products, Inc., 615 Academy Drive, North- 
brook, IL 60062 (Tel: 312-564-5060). 


Apple Circuit Design. This electronic de-. 
sign package for the Apple II with Applesoft 
in ROM and 48K of RAM features 84 different 
formulas for use in circuit analysis. There are 
11 formulas for dc, 30 for ac, 20 for designing 
filters, 4 for vacuum tubes and 8 for transis- 
tors. The set of 84 is completed with 11 
formulas covering miscellaneous areas. High- 
resolution graphics of the filters are shown. 
All programs are self-prompting. In diskette 
form for $99.95. Korsmeyer Electronic De- 
sign, 9612 Chevy Chase, Huntington Beach, 
CA 92646 (Tel: 714-964-4346). | 
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t be typewritten or clearly printed. Payment must accompany copy except when ads are billed 
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5!/4” +8” Diskettes, $2.99 ea. (Boxes of 10) 


0.S.1. 1Il-OEM 48K, AMCAP Software, 
Reg. $3,874, Now $2,995. 


CROMEMCO SYS-3, 64K, Dual Sided 8” 
Reg. $6,990, Now $5,695. 


Other Discounts as well. Shipping Extra. 
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ILLINOIS 





@ All your business & 
personal computer 
needs. 


@ Extensive Software & 
Peripherals Stock. 


708 S. Main St. 
(312) 495-9889 Lombard, IL 60148 





CALIFORNIA 


The Original 


fe ByteShop. 


1415 W. El Camino Real 
Mountain View, CA 94040 
(415) 969-5464 





rrtsoftware catalog 
for Apple II 


SALES @SERVICE @LEASING 
of 
APPLE @ATARI @DEC 
Plus all PERIPHERALS & SUPPLIES 
Open Tuesday through Sunday 
VISA and MASTERCHARGE 


RAINBOW COMPUTING, INC. 
9719 Reseda Blvd. 
Northridge, Ca 91324 
(213) 349-5560 








OHIO SCIENTIFIC 
MICRO-COMPUTERS 


A.A. Office 
Equipment Company 
15296 E. 14th St. 

San Leandro, CA 94578 
(415) 357-1737 


FLORIDA 


MICROCOMPUTER 
SYSTEMS, INC. 


The Computer Supermarket 
offering quality computer sys- 
tems for business, home and 


educational uses. 


APPLE - Tl - ALTOS 
GIMIX - SWTPC - EXIDY 


144 S. Dale Mabry Hwy 
Tampa, FL 33609 
(813) 879-4301, 879-4225 










GEORGIA 


Radie Shaek...... 


COMPUTER CENTER 


MiCAG MANAGEMENT 


Up to 15% Discount 
on TRS-80’s 


We have the highly reliable 
Lobo Disk Drive in stock! 


Mini-Mall—Downtown Shopping Center 
Cairo, Georgia 31728 
(912) 377-7210 





OHIO 


BAND-ORCH, INC. 
Complete Ohio 
Scientific Line 


337 East State Street 
Alliance, Ohio 44601 
(216) 821-2600 
VISA/Master Charge 


PENNSYLVANIA 


PET: Atari; Compu Think; 
Diskettes at Discount Prices 


AB Computers 
115 E. Stump Road 
Montgomeryville, PA 18936 
(215) 699-5826 





TEXAS 


As a Radi hack® Authorized 
Sales Center owned & operated 
by Pan American Electronics, Inc., 
we can sell them for less. No taxes 
collected on out-of-state ship- f 
ments. We pay shipping & insur- 


ance. 
TOLL FREE 800/531-7466 
Texas & Main No. 
ei sk ea 
1117 Conway 
Mission, Texas 78572 | 





LLOOK!! 
TRS-80* Computer Owners 
MEGASAVINGS! 


* trademark-of Tandy Radio Shack Corporation’ 


e Brand new Percom mini-disk 
systems: Single-Drive — $325; 
Double-Drive — $650; Triple- 
Drive — $975. 


e 16K-Byte Memory: 8prime4116 §. 
ICs — $64.95 


Introductory prices good for a limited time 
only. Prices do not include shipping, o 
sales tax if applicable. ‘ 


CALL Toll-free 1-800-527-4196 


ACCESS UNLIMITED 


315 N. Shiloh - Ste. D1 - Garland, TX 75042 
(214) 494-0206 
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poses. For further details, call (212) © 
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Galactic Empire ........... $14.95 
Star Trek Ill.4 .............. $14.95 
Alien Invasion .............+.. $9.95 
2S SS eee $29.95 
Cribbage Level lor Il ..... $7.95 
(6 So Ea eee $9.95 
Sh Le eee $9.95 
EUINNE oon liccsecconsssss $7.95 
9 Games for Pre- 

Schoolers ..;........0.:6 $9.95 
Snake Eggs ...... Sek ateus . $14.95 
Amazin Mazes .............+: $7.95 
eR oo occ sn cn ckecoce $7.95 


CIRCLE NO. 61 ON FREE INFORMATION CARD 


Lost Dutchman’s Gold ...$9.95 


Secrets of the Tarot ...... $9.95 
Biorhythms ............2+200--- $4.95 
Personal Finance .......... $9.95 
Typing Tutor ..............- $19.95 
RPN Calculator .............. $9.95 
Histograph/ 

Scattergram  .....cseseses $9.95 
Electronics Assistant ..... $9.95 
Ham Radio ..........cceecesee: $9.95 
Basic Statistics ............. $9.95 
Level Ill Basic ............. $49.95 
WPL BO oak. cavcieccvocszunaee $49.95 


TOLL FREE (ORDERS ONLY) 800-258-1790 
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BY FORREST M. MIMS 


HE Project of the Month in the Decem- 


ber 1979 issue of POPULAR ELECTRONICS | 


was a random number generator made 
from an LM331 voltage-to-frequency con- 
verter and a 4017 decade counter /decod- 
er. After describing the circuit, | presented 
results of 100 trials and concluded ‘‘If the 
results were perfectly random, each of the 
ten LEDs would be selected an equal num- 
ber of times or ten times each for a sample 
of 100 trials.”’ 

Readers Warner Clements and Thomas 
D. Martin were quick to catch the error in 
this conclusion. Quoting from Mr. Cle- 
ments’s letter, ‘“Suppose the device were 
an absolutely perfect random number gen- 


erator, in accord with theory. Then, what 


would be the probability that, in a run of 
100 generated numbers, you’d get ten of 
each digit? Mims’s statement sets the 
probability at unity. But in reality the prob- 
ability is 1/42,423,000. Mims thus overes- 
timates the probability by more than four 
billion percent.”’ 

Fortunately the operation of the circuit 
was. unaffected by my statistical miscon- 
ception. Both Messrs. Clements and Mar- 
tin observed that the results given in the 
column are, in Mr. Clements’ words, 
“. . . random enough for any practical 
purpose.” 

Mr. Martin explained some statistical 
concepts and plotted the results given in 
the December column on a probability 
chart. The results tend to indicate the lack 
of any statistical bias on the part of the 
Original circuit, but, as Mr. Martin said, 
‘This fact does not indicate an absence of 
bias either, only that your sample is not 
much different from some other samples 
taken from data that has been previously 
tested.” | 

| very much appreciate the help these 
readers have provided. Since random num- 
ber generation is so important, this encore 
column gives some additional circuits. 


Coin Tosser. Figure 1 is a CMOS coin 
tosser which lights, with virtually the same 
probability, either of two LEDs. The oscilla- 
tor, which is made from the two gates, 
operates at a frequency of about 1 MHz. 
Pressing S17 for a second or two allows the 
oscillator to run, which in turn toggles the 
flip-flop at a rate far too fast to second 
guess which LED will glow when switch S71 
is released. 

If you use red LEDs, label one heads 
and the other tails (or label one left and the 
other right). You can avoid labels by using 
a red LED and a green LED. Furthermore, 
you can add an additional element of 
‘chance by inserting a cadmium sulfide 
photoresistor between A7 and point ‘‘x’’. 
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Subtle variations in the light striking the 
cell will alter the oscillator frequency. 


Pseudorandom Number Generator. [f 
you can’t find an LM331 for use in the 
December 1979 Project of the Month, try 
the circuit shown in Fig. 2. Although this 
circuit won't exhibit wheel-of-fortune oper- 
ation (that is, press the button and all 
LEDs glow; release the button and the LED 
cycle gradually slows until only one 
remains on), it produces results that are 
just as random. 

The oscillator portion of Fig. 2 is identi- 
cal to the oscillator shown in Fig. 1. The 
remainder of the circuit is identical to the 






decade counter/decoder section of the 
December circuit. 

Label the LEDs O through 9 (or 1 
through 10). To operate the pseudoran- 
dom number generator, press S7 for a 
second or two to activate the oscillator. All 
the LEDs will glow as they are scanned 
sequentially by the decoder. When S7 is 
released, one of the LEDs remains on. 

You can modify this circuit for digital 
readout by substituting a BCD counter/ 
decoder and a seven-segment LED or liq- 
uid crystal display for the 4017 and its 
string of LEDs. Current consumption is low, 
so the circuit will operate for a long time 
when powered by a 9-volt alkaline cell. © 


7o UNUSED (NfPUTS: 
¥0/1—-8,% 12,73 
¥027-9,/0, 1h /2,13 


Fig. 1. Schematic diagram for a coin tosser using CMOS circuitry. 





| tEVL+FVa_D < F+9V 





Fig. 2. Circuit for a pseudorandom number generator, 
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STORENG 904 Bn Sos ce eo a 44) 16.25 VALUE 10 100 5 10 100 
USER PROGRAMMABLE FOR: 60MM 2N3906 .. 2.2... eee eee 20 1.79 16.25, 7.03 8.53.17 1.40 11.67 
SOLDER TAIL DIP SOCKETS : OL RR RRO a Oe a 21 1.93 17.50 1.03 8.53.17. 1.40 11.67 
PE ee aide Neem ora : ee 18 103 = «8.53 17,«1.40—*1.67 
© °F and/or °C, as well as virtually any number of temperaturesensors:. _ M7404N  « “30N74ISOAN.  2@am07 (asa COOGBEGN SOc é 25 : . eS ; Le bie : ib 
© Fixed or flashing colon format : Fete ee eee 21 1.93 17.50 1 i = Es ) J is ; 1 rz 
© 50/60 Hz line Frequency operation _-_-—__ agua a «6M TAQ6N  -—s-.368741SO8N (2040090  (S5BERSTN = 1 DQMMSINTAYS. «eee ee eee eee a i a 3. ripe 109 908 “00 1169 14.07 
as a “eM 2N4410.............. 0 A : . : : 
* Low profile : ENN NTN A Bima 1026 by National “AQM2QNS0B7 2... 24° 2.20 20.00 a BB ae t= ey Gate tee re 
* Face grip design for maximum rentention force GABBENOUOT ow ee eee eee 24 2.20 20.00 1.09 9.08- .20 1.69 14.07 
i Semen tent santnct poets OOMH2N5210...........5. "27 2.48 22.50 1:25 1042 23 1.91 15.87 
See ee ee ee -90MP2NS457 ..... 2... eee 51 4.68 = 42.50 1.09 9.08 20 1.69 14.07 
(* Minimum of 75 microinches gold inlay on gold sockets) 
INSTRUMENTS QUALITY SOM 92PUDIA.........000. 39 3.30 27.50 1.09 908 21 1.74 14.49 
TIN INLAY EPA UIO baka. hoes 35 3.00 25.00 : - ‘eae os ee as 
‘ > ME GAP UASA oie si, 30's. tse ee 08 35 3.00 25.00 5 F . 24. 6 
Series C-85 Min. 200 Microinches Tin * 0 Eg ES 39 3.30 27.50 1.16 9.60 .20 1.69 14.07 
PartNo. Description 3 1 10 100 - "30M MU2955............ 1.47. 13.48 122.50 1.14 948 23 1.91 15.87 
£8508 8 pin solder tab, tin.................2. 10.88 8.00 = 56 4.80 40.00 1.61 13.40 .27. 2.24 18.60 
8514 14 pinsolder tab, tin.................- 17 1153 14.00 POM aa St it 2 5 eee 1.72 14.34 30 2.57 21.35: 
(8516 16 pinsolder tab, tin...............005 20 1.76 16.00 3 -30MB MUEI82.............. 534.50 37.50 1 9 9 
i i WW Se oO 14.07 
8518 18 pin solder tab, tin. ...........-...-- 22 (1.98 18.00 2 30MM MJE3439 ... 0.2.0.0... 56 4.80 40.00 1.25 10.42) 23° «(1.91 15.87 
(8520 20pinsolder tab, tin............ 25 2.21 20.00 FEATURES 3 30MMJE344 oe. 56 4.80 40.00 1:25 10.42 26 2.24 18.60 
8522 22pinsolder tab, tin................-- 27 2.43 ~~ 22.00 3 '30 70 6.00 50.00 1.73 14.34 «312.65 22.05 
8524 24 pin solder tab, tin.................- 30 2.65 24.00 © Giont 0.7 inch - 4 digit LED display with red lens. 5 ROME ave ee Cee : : ; ; : : : 
8528 28 pin solder tab, tin 1353.11 28.00 gs larm “ON’” LED indicators. - *OMRNEST V0. oes oe eee 88 7.50 62.50 1.84 15.28 34 2.90 24.12 
x PM, colon, degree and alarm ‘‘ON’’ LED 2 00 J 570 47 1.25 10.42 23. «2191 15.87 
49 pin solder tab- tin arene . smote © 6 display modes - temperature, time, seconds, alarm, sleep and lamp test. 7 ST eas ke Ste ae) ° -50 1 6] 13.40 6 224 18.60 
GOLD INLAY SO DER TAIL © Exclusive Digi-Key switching panel available to simplify hook-up. FRM ee to thie one SF 0: 8 raig 67 5.70 47.50 1 61 13.40 3] 2.65 2205 
Series ¢.95 Min, 75 Microinches Gold Inlay © Leading zero blanking. 70pm NUE703 ...... 0.2.0 70° © 6.00 50.00 184 15.28 41 3.48 28.95 
Part No. Description 1 10 100 * Time is normal display mode, with temperature display at push of switch. PME IVUIEE 2050 vis ue.nivia eid tha 56 4.80 40.00 281: 2340 43 ° 3.61 30.04 
8 pin solder tab, gold ...........-6..45- 28. 2.48 22.00 © provides for measurement and display of temperatures in range “of -40°C to SOOEIMUIEE £2 Ricavo hate o, 05 aleve axece 53 4.50 37.50 1.74 14.48 28 2.34 19.50 
14 pin solder tab, gold...............-- 32_ 2.8! 25.00 90°C B5MEMJE803..............- 88 7.50 62.50 184 15.28 31 2.65 22:05 
16 pin solder tab, 3.26 29.00 © multiple temperature sensors may be used ‘ “ASMEMPFIO2........-..0-- 54 4.95 45.00 174 1448 42 3.57 29.75 
9518 18 pin solder tab, 3.72 33.00 © power fail condition indicated by flashing 7 05 21 1.93 17.50 F . * 2 
9520 20 pin solder tab, 4.16 37.00 f AC load ol 70a SORBMPS2222A.. 1... eee : : 3.09 25.70 49 4.14 34.44 
9522 22 pin solder tab 4.50 40.00 © addition of simple circuit will allow switching of small to medium Is 288 7 41S 4N : - 15H MPS2369A............ 24 2.20 20.00 3.92 32.59 58 4.94 41.10 
69524 24 pin solder tab, gold... 4.84 43.00 *_optional switching panel to simplify hook-up 2B bn mr MPS2907A] .........-- 24 ~—-2.20 20.00 1.74 1448 .28 2.34 19.50 
{C9528 - 28 pin solder tab, 5.6 on . 1.84 15,28... 342.65 22.05 
Std 40.pin solder tab, gold ie 5 8.10 Catalog No. Description 285741S78N SRE eee eet eee 5 mo 7h 2.75 22.85 40 3.57 29.49 
IRE WRAP SCKETS MA1026M MAIDA Clock Mobule (Assembled and Tested with data 4 aa F MPS3304.... 24 2:20 20.00 2.60 21.64 48 4.06 33.78 
WARE WRAP. DIP SOCKETS eas RE PE EE ET eee ere $ 19.95 4 SN SR DOSE seri shes Mel S.00 8 9 zg : 
= MA1026P Digi-Key Switching Panel Kit for MA1026M (includes P.C. 4 : 25mm MPS3395............-. 24 2.20 20.00 3.92 32.59.54 4.62 38.48 
6.41 §3:39: > 3/3 6.19 51.57 
Board, 12 low profile switches, wraposts, standoffs, hard- 4 é 3 MPS3563...........-- 21 1.93 17.50 ] 78 14.77 3] 2.65 22°05 
ware, components, two LM334 t tf Pe f S : . $ G 
KOA32 rests, and petncieay ve my ne 11.95 4 MPS3565........-..++5 21 ; - 17.50 2.68 22.32 .42 . 3.57 29.48 
a MA1026T Special transformer for MA1026M suitable for most aP- 70 ~ = eR a= i oad 2) -93 17.50 -20 BB 470/16V...... 2.92 24.33. 47 = 4.02 33.47 
Standard profile plications 2.95 90 “dest ener, on MPS3641............- 21 1.93 17.50 157.50 9 470/25V...... 36 = 3.09 25:70) 5S 4.272 39.28 
Ye Universal ti a MA1026B Alarm buzzer for MA1026M ...... Bs ‘a 3.00. rs) ae ee #2 SEN OOOAS 6300's. faa ose > vce ie 21 1.93 17.50 157.50 $9 470/35V...... 57 4.89 40.73 .62 5.25 43.70. 
chides heatbaiahtrabicyebla, Deerbtsh iMA1026K Includes MA1026M, P, T, and B 34.95 : STL RS FOR PSOIB so se cc 21 1.93 17.50 157.50 #4 470/50V...... 83 7.09 59.03 .88 7.50 62.43) 
packaging capabilities « MA1026C Conventional Switch Set for applications where MA1026P ~~~ Ree = ae 7 ee 21 1.93 17.50 157.50 fy /000/6V...... 34 2.84 23.66 .47 4.02 33.34 
*x Contacts accommodate ‘ .015"" is not used. Includes one 501PB and ten 502PB switches 4 7 2.48 22.50 202.50 fm [YOU/'OV..... 373.10 25.80 .52 4.42 36.78 
“through 021" rectangular ; and special wiring instructions. ..............20.005 $ 3.95 ee. OE OD in TOME SS NLS Sey ne ee et ~ : “sm 1000/16V..... 44 3.75 31.23 .57 4.86 40.43 
or round dual-in-line leads MA1026R Includes MA1026M clock module, MA1026C conventional Rs, ES Alen iia a ah Seiad 98 8.40 70.00 630.00 Bi oog/a5v. 1... 75 6.41 53.39 .80 6.84 56.99 
& Wire wrap posts held to true position of .015" providing a switch set, MA1026T special transformer, two LM334 $5 MTD oie cic pete oP ce 1.02 8.70 72.50 652.50 fl 1000/35V..... 80 6.85 57.02 .94 7.98 66.48 
true position of .020" on boards for efficient automatic temperature sensors, and two KOA32 trimpots ........ 29.95 91099) 2. 10RMGSEN — sd GOMBTIPI20............. Nat VOWS 97.50 877.50 HB 2200/6V ..... 48 4.08 33.94 .57 4.86 40.72° 
Pct gf Rp Far each additional sensor ont, the following are suggested: , Be ee ot ee pee eat 62 5.30 44.13 74 6.32 52.64 
» - ‘emperature transducer for MA1026M module ........ $ 1.30 ote OLIUERTIPL27 2 ee ee : 5 00 990.00 Hi 2200/16V..... 80 6. 57.02 .88 7.50 2.28. 
(* Minimum .50 microinch gold inlay on gold sockets) KOA32 300 ohm trimpot for LM334 transducer eed: .32 > TIP132 1.54 13.20 110.00 ..1.04 8.94 74.48 1.11 9.45 33 68 
& TEXAS INSTRUMENTS QUALITY 502PB —Normally open switch ..............000eeeeeeeeee AS i WPS eee 1.54 13.20 110.00 ; en ie SIO 47.49 78 6.61 55.08 
TIN PLATED WIRE WRAP "0 5. Sr ee OP Bas GPa : Seo Ge SANE eae eee 
Series C-81 Min. 200 Microinches Tin h 8 j I ESM TIPOUG: & is,c: 5 cc cz tmce » 81 6.90 57.50 148 12. : ‘ 5 5 
~ wat! 64 105.39 1.54 13.12 109.30. 
No. Description 1 10 100 SIMSIS «= 1.14EMGBIN = 2. 259BTIPSIC............... 98 8.40 70.00 630.008 azoo ev... 83 7.09 59.03 99 B47 70.54 
8108 8 pin wire wrap, tin weed 7 2,93, Ray 240 Soe Ati ie 2 1.02 ae 72.50 -20BM 4700/10V..... 99 8.43 70.25 1.22 10.43 86.84 
8114 14 pin wire wrap, tin : 36.0 ® JFegAS20«— «1 14RUMSSSAL 2. /OMBTIPGIC........ 0... 81 6. 57.50 
116 - iy tet ile tin Re USER PROGRAMMABLE FOR: ; 1.46 12.45 103.75 1.49 12.76 106.37 
: os op oe ee roe oN 6.90 57.50 5 6800/6V...... 99 . 8.43 70.25 1.21 10.36 86.27 
8118 18 pin wire wrap, tin 44.00 / 
8120 20 pin wire wrap, tin 62.00 © 12 or 24 hour display » 6800/10V 1.38 11.81 98.37 1.48 12.63 105.25 
(C8122 22 pin wire wrap, tin . . 64.00 © fixed or flashing colon : po 6800/16V . git ___- 1.89 16.19 134.88 
24 pin wire wrap, tin 66.00 © 50/60 Hz line frequency operation ’; 10 ‘ao Noni ag 139 1639 134. 38 
28 pin wi ti ; : 84.00 — % : . 
40 ein we ap. fin EOS rid Fee 11.58 14. 18 126.00 " for sy anger es A (0. = se sia ! 
7 tre, 199 ires per pac age trippe ” Both Ends 
GOLD INLAY WIRE WRAP 30-AWG Blue Wire, 3’ Overall Length .............---...-5 
Series C-91 Min. 50 Microinches Gold Inlay 30-AWG Yellow Wire, 3’’ Overall Length.................500- : AK OF PAK OF PAK OF 
; 30-AWG White Wire, 3’’ Overall Length Sint ipper htt bs 
eee HE 9 REE ee 2 30-AWG Red Wire, 3” Overall Length... sss. ssccccccsssse, WOR PARTNO. COPD) : ESOS. 0 ee: 
8 pin wire wrap, gold ..........-.- +--+. +4 pie gd 30-AWG Blue Wire, 4’ Overall Length .........-.-..+...000 778 M1102 ——-.001 117 8.34 75.04 
14 pin wire-wrap, gold SRR VAR LES 95 30-AWG Yellow Wire, 4’’ Overall Length................2025- : M1122 1.17 8.34 75.04 
16 pin wire wrap, gold ‘ ¥ 30-AWG White Wire, 4’’ Overall Length ........ into M1152 17 8.34 75.04 
18 pin wire wrap, gold R4 30AWG Red Wire, 4’ Overall Length...........- ; eae 177 ff M1182 117 8.34 75.04 
20 pin wire wrap, gold B5  30-AWG Blue Wire, 5’ Overall Lengthy ss Six tex. Diels M1222 1.17 8.34 75.04 
htc ale vega o Bi 559998 “g04is196N. 17 - 30-AWG Yellow Wire, 5” Overall Length. .........cc.c0eeeees 928 mi 272 117 8.34 75.08 
24 pin wire wrap, gold 236 12. ' anor rc iS 42 ; 30-AWG White Wire, 5” Overall Length ............ 1... 1.928 M1332 117 8.34 75.04 
28 pin wire wrap, gold . Ns : i . 3597 41S197N 4 30-AWG Red Wire, 5’’ Overall Length.............. Keene I: /M1392 1.17 8.34 75.04 
__40p pin wire wrap, gold ....... 58 118.90, -909741S221N WN 30-AWG Blue Wire, 6” Overall Length ............. ..., 2.068M1472 1.17 8.34 75.04 
display brightness can be controlled by introduction at potentiometer “8087 41S247N iN 30-AWG Yellow Wire, 6’ Overall Length... ..... ea y M1562 V7 8.34 75.04 
MOLEX I. C. SOCKET PIN Ss) will odapt for continuous time keeping with introduction of SM potentiometer 09 41S248N 6N 30.AWG White Wire, 6” Overall Length .. : M1689 1 8.34 75.04 
and 9V battery S27 41S249N x. 30-AWG Red Wire, 6’ Overall Length. . -06 M1822 1.17 8.34 75.04 
85/C. 8.20/M 38.20/5M 275.00/50M © alarm involves adding buzzer—no intervening circuitry ‘86 41S253N 4035N 30-AWG Blue Wire, 7’’ Overall og , S ml Lv Mr Be 
e 9/2 isph on 30-AWG Yellow Wire, 7’’ Overall Length z k A 
e ie lacs nas a $a — 30-AWG White Wire, 7” Overall Length . . by 1. 4 M1153 1.22 8.65 77.85 
° leadi zero re 2 ~ = 30-AWG Red Wire, 7°’ Overall length ................ ., 2.498 M1183 1,24 8.80 79.20 
ng os Sr O07 41S260N 3N 30-AWG Blue Wire, 8” Overall Length ............... |, 2.6798 M1223 1.2 8.94 80.44 
op g p 2.0097 41S266N SN 30-AWG Yellow Wire, 8’ Overall Length...............-5 at el M1273 1.26 8.94 80.44 
2.75§741S279N 107N A709CN A 30-AWG White Wire, 8’ Overall Length .............2..0e00: 2. M1333 1.28 9.10 81.80 
R 1.00§741S283N SON |A723CN if R8__30-AWG Red Wire, 8’ Overall Length... . ~ _ ed i sit 
MA1023 Clock Module Only (Assembled ond tested) .... $9. 1.0097 41S290N 31N Lo Digi-Key Means Quality Products, Toll M1563 146 10.38 93.38 
Digi-Key Switching Panel Kit for MA1023 (Includes P.C -9AR74IS293N S4N A74\CN 9 y M1683 151 10.74 96.64 
AE a 9MT4LS352N 11 5 A747CN Free Watts, Postage Paid Envelopes! _ ; : : 
; LE RIE IN Coe ae BE741S353N 1] V6ON 1.1fUA748CN Digl-Key Accepts: « MASYERCHARGE » VISA M104 "381228. (1OnaB 
POOMIS) os os Sie ne Sats nome are ie eigieye' © abe F aa qe E- : 7 @ . ‘ i 
Special Transformer For MA1023 3 a beter 6IN 1.18 oy} 80 2 CHECKS ‘© MONEY ORDERS mii 80 Teas 158 
techs MA pene PT AD met 19.95 BAT4IS367N 7 163N 1.13fUA7806CU 1.25 M1184 2.26 16.09 144.79 
bese he Sit tens meee Aten RPE : 1.49741S368N 1646 1 A7808CU 1. M1224 2.38 16.98 152.78 
Conventional switch set for applications where MA1023P .. _ 1.497 41S386N — - A7810CU M1274 2.72 19.40 174.60. 
__ not Use, inc eee eae 1.09741S670N 2 173N 1.30fUA7812CU 1.25MMFrolerence:*20% — Working Voltage: 350V Max Power Rating: 0.25W/SO°CHM M20, 335 23.88 488 
k is ain > Gas 9 7 1 A i Pak of Pak of Pak of 7 ¢ 2 
oy Switches, Transformer, 3.50§81LS9SN rt 7815CU 1. Resistonce Prices athe 4 ae pi 
3.5G81LS96N oT 1.16fUA7818CU - ~ : = 
RELIABLE, COST-EFFICIENT CONTA DE IGN a 1 N 1_3R§UA7824CU 1. 
{* 50 (Wire Wrap) to 75 (solder Tail) micro-inches gold inlay ei ee ca 
| over a nickel diffusion barrier. yroubleciraas M6: , 7 WATBLO8ACZ . K ? a 
* Copper-nickel-tin CA 725 alloy. rs dole! TN _48HUABLIOACZ . Spee. gee 3. . . CAP 
‘© Bifurcated contact points. * Van or Boat! © 270" Swivel Mount A7ELIZACZ  .40 (Oe : TF 1G: SUR NOON, 
© Preloaded, cantilever spring design. , errr iniaid Walnut = COOSN 1 nto wid . : : ; : E208... : 1.64 13. 68 123.08! 
; seas my PCN... - 00 O9N 1.S6gUA } . . : : # “119, 1.64, 13.68. 123.08 
e Contacts are user removable. pees eee ncoai6CCN .. shrecol 2m 1 SCRUATSL24ACZ | ; ; 4 ; (2153015. ‘3 9 Ted “13.68 123,081 
Heist weeny caatenominen a be perma tates Sapa 2 XN... =. 1 ? y ” x . : ‘ £2183 "191.64 13.68 123.08) 
.0 a -64 13.68 123.08) 





.64 13.68 123.08} 


by the distence seperating the two pin rews.- : : —s 1 ‘ . : . £2223.. 
| : 164 13.68 123. 08 


Pe pene are . , ; : OOM E2273... 
Ha SERIES .100"'x.200" EDGEBOARD CONNECTORS aati bet Man. oe bey “OOM E2333. 


* Quick and Easy to | E2BvS 








"64 13.68 123.0 

—- - = a Solde Tell 1 0 100 & 3 crete - * £2473 .64 13.68 .-123.0) 

10/20 6-10 2.22 20-40 167-007 C510 2.10 19.30 “158.00 7 : Install aie 3 i : £2563 ‘85 15.43 ae 
15/30 C6-15 2.55 23.40 191.00 5-15 2.37 21.70 178.00 = BMM5314N .....- 3 0co5 , £2683 ‘85 15.43 138.831 
17/34 C6-17.-2.73 25.00 205.00 5-17 2.52 23.10 189.00 fm : MM5837N 2 oN 69 Q ce i £2823... - 85 15.43 138.83) 


94 16.13 145.13; 


uv, 
18/36 = C6-18 2.88 26.40 216.00 (5-18 2.61 23.90 196.00 $ 5 ; ) 0 ; ist. E2104 eens Pee 


20/40 (6-20 3.09 28.30 232.00 5-20 2.76 25.30 207.00. 4 “MPPILO2-1......---- E2124 































; 's j 28 18.95 170.55) 

22/44  C6-22 3.36 30.80 252.00 5-22 2.97 27.20 223.00 __ a } lh) eee R — ees 
KOAS2 500 32 2.40 21.00 49 20.73 186.5 
25/50 (6-25 3.75 34.40 281.00 5-25 3.27 30.00 245.00 REPAY Wy -Tet VM Ie ol tai @) od awcon ce ;, . a KOAI3. 1K 32. «-2.40 21.00 708 22.28 200.4 
28/56 C6-28 3.99 36.60 299.00 5-28 3.54 32.50 266.00 Hime By/-me St ts) i Be pA AN ee ed VW ZOUN-UD5. . - - - : 3 . KOA23 2K 32 2.40 21.00 £2274 91 24.25 218.2 
30/60 6-30 4.14 38.00 311.00 5-30 3.75 34.40 281.00 OBSAB a iss. vk Pos - KOAS3 5K 32 2.40 21.00 18° 26.47 238.17) 


44 28.65 257.8 
68 30.65 275.8: 









31/62 C6-31 4.32 39.60 324.00 C5-31 3.84 35.20 288.00 ‘as SPORES EaS Soe MBI3410N......--. . : 3. : KOAI4 10K 32 2.40 21.00 














PIP RWWWNNNNN SAS e eros 
o 
eo 





































35/70 C6-35 4.89 44.80 367.00 5-35 4.20 38.50 315.00 Mm cotalog SE  BIZO2A... R . ; 

d : E 24 - 20K 32 2.40 21.00 
36/72 6-36 4.95 45.40 371.00 5-36 4.32 39.60 324.00 EN ene I708 3 I : a ee 240 21.00 02 33.45 301.05 
et of 5 each of the 7 fa H KOAS4 = 50K 32 : : “43 36.93 332.33 

40/80  C6-40 5.49 50.30 412.00 5-40 4.71 43.20 353.00 ASIBBN .....----- . : Boe aaaotls SOI 60. 
43 5.91 54.20 443.00 film inne in the series 1.0, 1.2, 1.5, 1.8, 2.2, bs f KOAI5 100K ; - ; 94 41.13 370.13! 
pled (6-43 bi “ < C5-43 4.98 45.70 374.00 RS! 25 etc., through 1.0 meghom (365 total pcs.) ......-. : ISZ55N .....-.- - 4 : KOA25 200K 32 2.40 21.00 5.35 44.52 400.62) 
198 (6-49 6.72 61.60 504.00 (5-49 5.58 51.20 419.00: ae 7452B7N......---- ; ence’ ADE oa 8 ab 01100 582 48.50 “436.50 
50/100 6-50 6.81 62.40 511.00 5-50 5.64 51.70 423.00  algtletaony gat err RAS Ner20, 24 Bees (9. g KOAI6. «IM 32 «2.40 «21.00 7.32 : 60.97 548.67| 
for polarizing keys order P/NCR1164-2_.10/ea._7.50/100 fb agiereace art Eco PAAR al pe aap ti rick Acces 83 7 ; Baa RORTES OM Pap 6 aaO> 8100 8.64 72.00 .648,00 


8.85. 73.68 663.08! 





H4 SERIES .125''x.250" EDGEBOARD CONNECTORS | : : mf : 
Pe oper - i 1 ww i DIGI KEY ACCEPTS CHECKS. 
































































































0/20 C410 2.37 21.70 178.00 C3- TS 19.50 160.00 BB: pusrabs 5 — PRICE IMASTERCHARGE. VISA.COD'S. 
[15/30 C4-15 2.73 25.00 205.00 (3-15 2.46 22.60 185.00 Set of 5 each o dard MONEY ORDERS. 9 Oe ans Voltage Prices Pokof Pak of Pak of 
18/36 C4-18 2.97 27.20 223.00 (3-18 2.67 24.50 200.00 RS150 film — a sre 10,12 154 1. 8, "2. 2, $9 90’ i piers : 3 '068/250V....... t é . Cap(vF)  (V. DC) 1 10 100 1000 
20/40 C4-20 3.24 29.70 243.00 3-20 2.85 26.10 214.00 etc., through 1.0 meghom (365 to silage ie DIGI-KEY CORPORATION — BOOKSELLER : 11. 9e Papo: : Sar = ween eae 3 —— Se 
eee aes ee de aes os age apes Sah as ond Me eee rs ch aee "BP ADAM OSBORNE * SYBEX * HOWARD SAMS + HAYDEN © TAB -21 1.92 15.75 9 .22/100V........ 05 24.75 MM raseri5- 0.15.........35 36 2.67, 22.21 177.70 
/ . : . i 3 g t A ilm resis ‘ re te eens : 211. .75 f.33/100V........ . . F35ER22 0.22... 36 2.67 22.21. 177.70 
18/56 4-28 4.11 37.70 308.00 3-28 3.69 33.80 277.00 [i RS2ZSO _stc., through 910 kilohm (360 total pes) _. = Call or write for your free Digi-Key Catalog for listings. Secte apes Rawan ee 5038.25 fm SSeR2 0.22... 86. SRT: BEY eT 
[30/60 c4-30 4.29 39.90 322.00 3-30 3.81 34.90 286.00 F35ER47 0.47. 36 2.67 22.21 177.70. 
31/62 4.31 4.44 40.70 333.00 C331. 4.05 37.10 304.00 DOUBLE DIGIT DISCOUNTS SAVE YOU EVEN MORE! PSE? 0.60 Re ma 770 
135/7 4-35 5.01 45.90 376.00 (3-35 4.50 41.30 338.00 0... : . . : 
in6/72 C436 5.10 46.80 383.00 (3-36 4.56 41.80 342.00 ‘Dic i-K St k VOLUME DISCOUNT & ee ag = ae are gs 
40/80  C4-40 5.64 51.70 423.00 3-40 5.04 46.20 378.00 igi-Rey STOCKS HAN DLING HANDLING CHARGE le) ME cinta ee be oe ae 
44/88° 4-44 6.09 55.80 457.00 3-44 5.49 50.30 412.00 s Sees ee LU 4 Saat pa “a3 359 99.85. 238.80 
150/100 C4-50 6.90 63.30 518.00 C3-50 6.18 56.70 464.00 The Entire All items except these with catalog y FIOEBRS 6.8... 58 431 35.90 28720: 
for polarizing keys order P/NCR1164-2 .10/ea. _7.50/100 ae, CHARGES numbers — with the a DISCOUNT : RIGEIC 0a cs 72 5.38 44.79 358.30 
~ may be comiuned for discount. First : FIGEIS =—-'15.... RS 94 .06 82 470.50, 
° ee '' EDGEBOARD CONNECTORS ne , =. : 2 
SERIES 136 x.200" EDG us | AP ’ Products Li $ 0.00-$9.99. .. Add $2.00 discour ems ond $ 0.00-$99.99...... NET ‘ FIOE22 22.0 1.26 9.43 78.53. 628.20 
‘ cts vids ¥ bys 4 TF ¥ mt. then o s 
70/207 Cl-10 2.49 22.80 187.00 (2-10 4.08 37.40 306.00 STRANDED | $ 10.00-$25.00. . Add $0.75 5 alae = nondiscountable 9% 100.00-$249.99 . Less 10% INSOaSB Cav ey 
ae id 2.64 24.20 198.00 ee 4.32 39.60 324.00 Mp k@l@). 48g As ee ey CO eC  e ; PLR TCL Ae Oem ELM INS 2368 7.5V 4 Tolerance: A— plus/minus 5%, B— plus/minus 10% , C-p i 
15/ 15 2.94 27.00 221.00 2-15 4.71 43.20 353.00 7 ? — ; f ; 
18/36 C1-18 3.18 29.20 239.00 C2-18 4.98 45.70 374.00 Caw it ph $ 50.00-$99.99. Add th 125 OY eS Pek ond Conade when 9 300.00-$999.99 . Less 20% fi ; Toleronce_Voltege _10 
}22/44 \C1-22 3.54 32.50 266.00 (2-22 5.49 50.30 412.00 J 100.00 & Up ...No Charge z -aipeareng ya 1N 2398 WV TPE PN ed yee? seo Rear sebiOd 
525/50 (1-25 3.84 35.20 288.00 C225 5.91 54.20 443.00 #24qaPVC.2.80/ 100° 11.25/500’, $ P JE check occomponies orde $1000.00 & Up.... Less 25% § SE ran ee oe re ee ae 
28/56 C1-28 4.29 39.30 322.00 (2-28 6.36 477.00 DIO BSP oe oe ce B 500V 52 3.60 30.00 
(for polarizing keys order P/NCR1164-1.10/ea. _7.50/100 f Orders Accepted by Phone or Mail DH470 47PF.... ww... B  500V 61 4.30 «~=—«35.75 
National Semicond : .@ =sOVISA “‘MasterCharge ° VISA * COD * Check © Money Order OHS0) COPE pel area ite: B  S500V 61 «4.30 35.75 
‘National Se one 3 1 B 500V 64 4.56 38.00 
WEN bate OE a ies EW... 1.39/C Il NE P.O. Box 677, thiof River Falls. Minn. 5670) (218) 681-6674 DAO} TOO B SOV 6 456 3800 
SC/MP Microprocessor Applications No. 9022B ....-.. “4 REW ... DH221 220PF B 500V 74 5.46 45.50 
|1979 Special Function Data Book Cot.No. 9057B .........0.050005 ‘4-40 1/2 SCREW...... 9 DH331 330PF B 500V 74 5.46 45.50 
‘1978 Linear Data Book Cot. No. 90588 6-32 1/4 SCREW...... ;  . DH471 470PF B  500V 74 «5.46 45,50, 
' Memory Data Book Cat. No. 9059B 6 W ; DH681 680PF.... os. eee B  S500OV .74- 5.46 45.508 
; ares go Wists a ; : = DHIO2 .OOIUFD..........-..--- Cc SOV. «60 4.20~—«35.00 
! Audio Handbooks Cat. No. 9020B........ 8 ere j ee RED? OOLSIRDL ae es ¢ sv 60420 35.00 
{1978 Discrete Databook Cot. No. 9060B .......-.+--+0-+eeeeees 8 okey f DH22? 0020UP—D.... C  50v. 60~StC«-20—SS:«S5 00 
'1978 Date Acquisition Handbook Cat. No. 90508 ... ; 2 : : \ , DH332 0033UFD............... C 50V. 60 420 35.00 
11979 Memory Applications Handbook Cot. No. 9051B.... -4-40 HEX NUT...... = . F ee) i 2 e@) °F: ' pg(@),"| DH472 .O047UFD...........-... c 50V .60 4,20 36:00 
{1977 Pressure Transducer Handbook Ct. No. 9052B ........... cs é e chee ae i DH682 .006BUFD..............- ‘ 50V 4 = = 
41979 Microcomputer Systems Series/80 Databook Cot. No. 90538... «8-32 HEX NUT... ... . C EOI AOLUR Me ek aoe mv : i 
1978. Microprocessor Family Handbook Cat. No. 9054B............. NO. uality Electronic om onents EPPS: OPMID a rar os oes Co OSV Ba 26180 * 5250 
icroprocessor Applications in Business, Science and Industry wk +22 19 : PESSS << OSRID foe is ox eins ae Cc 25V es cs aaa 
y < 
Caf. No; DOSSBY 5.5 5.8. can aoe hort teaae tetas i ee j P.O. Box 677 Thief River Falls, MN 56701 (218) 681-6674 gf | SR RI ses ay ee de RE ee 


CIRCLE NO. 18 ON FREE INFORMATION CARD 

















From T.1.: 





d...ll Mn... nn. hn... 


Buss (8080, Z80, 6800 etc.) 


circuit. 


some with switches. 


new, first quality. 





you'l 





PARTS 


301 OP AMP 8 LEAD CAN 
723 VOLT REG. 10 LEAD CAN 39 
723 14 PIN DIP 50 
“13741 FET INPUT 741 MINI DIP 



















30,000 @ 15V COMPUTER GRADE 
" 2N4402 PNP COMPLIMENT 8/1.00 
2N6028 P.U T. W/SPECS -504 
LM380 2W AUDIO IC W/SPECS 
LM377 DUAL LM380 W/SPECS 
LM3900 QUAD NORTON AMP 69 
LM324 QUAD OP AMP 55 
7812 1A 12V REG -95 }} 
*7815 VOLT REG. 1A 15V -69 
IL-1 OPTO ISOLATOR MINI DIP -60 
*“MEM 631 DUAL GATE MOSFET 
DIODE PROTECTED. SIMILAR 







TO 40673 50 
MV1624 VARICAP DIODE 10 PFD 39 
IN5148 VARICAP DIODE 

47 PFD NOM. 3:1 RATIO 49 









IN4003 1A 200V DIODE 
TIP30 TAB PNP POWER 
*MC1351P FM IF, DISC IC 









“INDICATES ITEM IS "HOUSE NUMBERED 

















LED'S 









lj JUMBO GREEN 4/.89 
JUMBO: RED 5/.89 
MEDIUM RED (‘%") 15 
MEDIUM GRN OR YELLOW 16 


BI-POLAR LED 
TWO COLOR RED/GRN 










* NO C.O.D.'s 


(214) 278-3553 


* ADD 5% FOR SHIPPING 


—- 96 

















e 76477 CHIP IS INCLUDED. EXTRA CHIPS $2.95 EACH 
e $17.50 LESS SPEAKER & BATTERY 


LED’s with adjustable analog. steps. 
cascadable up to 10 (100 steps). Drives LED's directly. 
Great for voltage, current, or audio displays. Similar in 
features to LM3914 with specs and circuit notes. 


AY3-8910 PROGRAMMABLE SOUND GENERATOR 


The AY3-8910 is a 40 pin LSI chip with three oscillators, three 
amplitude controls, programmable noise generator, three 
mixers, an envelope generator, and three D/A converters that 
are controlled by 8 BIT WORDS. No external pots or caps 
-required. This chip hooked to an 8 bit microprocessor chip or 
can be software controlled to 
produce almost any sound. It will play three note chords, make 
bangs, whistles, sirens, gunshots, explosions, bleets, whines, 
or grunts. In addition, it has provisions to control its own 
memory chips with two IO ports. The chip requires +5V @ 
75ma and a standard TTL clock oscillator. A truly incredible 


POTENTIOMETER ASSORTMENT 


A mix of new, panel mount 3/8” bushing pots in various values. Some dual, 
10/2.00 
1/2W RESISTOR ASSORTMENT 


A: good mix.of 5% and 10% values in both full lead and PC lead devices. All 


(Asst.) 200 pieces/2.00 
_ SLIDE SWITCH ASSORTMENT 


An outstanding bargain. Includes miniature and standard sizes and multi- 
position units. All new first quality, name brand switches. Try one pack and 
reorder more: SPECIAL — 12 for $1.20 (Assortment) 


SMALL 


PO BOX 401244P 


BULLE Roce: TEXAS 
ELECTRONICS 
SE a Sound. Efgecte Ke 17.50 


The SE-01 is acomplete kit that 
contains all the parts to build a 
programmable sound effects 
generator. Designed around 
the new Texas Instruments 
SN76477 Sound Chip, the 
board provides banks of MINI 
DIP switches and pots to 
program the various com- 
binations of the SLF Oscillator, 
VCO, Noise, One Shot, and 
Envelope Controls. A Quad Op 
Amp IC is used to implement 
an Adjustable Pulse Genera- 
tor, Level Comparator and 
Multiplex Oscillator for even 
more versatility. The 3%" x 5” 
PC Board features a prototype 
area to allow for user added 
circuitry. Easily programmed 
to duplicate Explosions, 
Phasor Guns, Steam Trains, or 
almost an infinite number of 
other sounds. The unit has a 
multiple of applications. The 
‘ow price includes all parts, 


assembly manual, programming charts, and detailed 76477 chip speci- 
fications. It runs on a 9V battery (not included). On board 100MW amp 
will drive a small speaker directly, or the unit can be connected to your 
stereo with incredible results! (Speaker not included). 





TL490 BAR/DOT DRIVER IC. Drives 10 


Units are 


$14.95 W/Basic Spec Sheet (4 pages) 
60 page manual with S-100 interface instructions and 
several programming examples, $3.00 extra 










7 WATT AUDIO AMP KIT 
SINGLE HYBRID iC AND 


COMPONENTS FIT ON A 2” x 3° PC BOARD 
(INCLUDED). RUNS ON 12 VDC. GREAT FOR 
ANY PROJECT THAT NEEDS AN 
INEXPENSIVE AMP. LESS THAN 3% THD @ 5 
WATTS. COMPATIBLE WITH SE-01 SOUND 


The AY3-1350 is a MOS microcomputer } 
synthesizer of preprogrammed tunes for 


KIT. $5.95 


TUNES SYNTHESIZER 


applications in toys, music boxes, and 
door chimes. The standard device has a 
set of 25 different popular and classical 


tunes. In addition there are 3 chimes 


making a total of 25 tunes 


* 
* 


* 


+ + 


* 


+ + 


FEATURES 
Minimal external components 
Automatic switch-off signal at end of 
tune for power saving 
Envelope control to give organ or 
piano quality 
Sequential tune mode 
4 door capability when used as door 
chime 
Operation with tunes in external 
PROM if required (2708) 
Single supply (+5V) operation 
Tunes include: STAR WARS, 
BEETHOVEN'S 9th & 5th, JINGLE 
BELLS, YANKEE DOODLE. STAR 
SPANGLED BANNER, CLEMENTINE, 
GOD SAVE THE QUEEN, O SOLE 
MIO, WEST MINISTER CHIME and 


DESCENDING OCTAVE CHIME 
PLUS MANY MORE! 
WITH DETAILED SPECS $1 4.50 


AND INSTRUCTIONS 





* SEND CHECK M.O. OR CHARGE CARD NO. 
* PHONE ORDERS ACCEPTED ON 
VISA AND MASTERCHARGE ONLY. 


x TX. RES. ADD 5% STATE SALES TAX 
* FOREIGN ORDERS ADD 10% (EXCEPT CANADA) 
(20% AIRMAIL) U.S. FUNDS ONLY. 
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Electronics Library 








STEREO TROUBLESHOOTING & REPAIR MANUAL 
by Paul Owens 
This is an interesting book on stereo elec- 
tronic servicing if one is seeking a broad look 
at the subject. Unfortunately, there are few 
areas that are covered in sufficient depth to 
live up to the title’s promise. Yes, there are 
some detailed descriptions of how output cir- 
cuits work, on FM decoders, etc. But not 
enough from either a theoretical or practical 
vantage point to give one sufficient confi- 
dence to tackle real models on a bench. Half 
the book is taken up by basic information for 
the tyro, while the other half doesn’t leave 
enough pages to do justice to the complex 
subject of troubleshooting sophisticated cir- 
cuitry. It is nicely illustrated, though. The 
overall result is a feeling of spotty coverage 


that could only be overcome if the author had | 


twice as many pages to work with. 
Published by Reston Publishing Co., Inc. Res- 
ton, Va. Hard cover. 246 pages. $16.95. 


THE A TO Z BOOK OF COMPUTER GAMES 

By Thomas C. Mcintyre 
This collection of 26 BASIC programs for 
playing video games was designed to teach 
the reader how a program is developed, cul- 
minating in listings one can copy. Thus, it is 
not merely a technical book or a listing of 
programs. The best of both are illustrated for 
learning and fun. Programs include informa- 
tion on what the challenge is, how to 
approach developing the program, how the 
game works, what the program contains, how 
to alter or modify the existing program, and 
how the program relates to other programs. 
Among the games presented are poker, 
blackjack, solitaire, battleship, golf, roulette, 
etc. Some games can be played against the 
computer, some against one opponent, and 
some against more than one opponent. 
Published by Tab Books, Blue Ridge Sum- 
mit, PA 17214. 308 pages. $12.95 hard cov- 
er, $7.95 soft cover. 


HANDBOOK OF ELECTRONIC FORMULAS, 
SYMBOLS AND DEFINITIONS 

by John R. Brand 
Contained in this book are thousands of elec- 
tronic formulas, symbols, and definitions for 
modern passive and active analog circuits. Its 
alphabetical format permits one to locate 
information quickly without first having to look 
it up in an index. For even easier location of 
desired information, the book is divided into 
three main sections: passive circuits (Section 
1), transistor circuits (Section 2), and opera- 
tional-amplifier circuits (Section 3). Seperate 
appendices list 5% component-value ratios 
that give maximum and minimum values for a 
desired mean value. 
Published by Van Nostrand Reinhold, 135 
W. 50 St., New York; NY 10020. Hard cover. 
359 pages. $15.95. 





SOUND EFFECTS GENERATOR BASIC KIT 


Now CHANEY ELECTRONICS MAKES IT POSSIBLE TO BUILD YOUR OWN 
SOUND EFFECTS GENERATOR WITHOUT SPENDING A FORTUNE. WE SUPPLY 
YOU WITH THE 1176877 SOUND CHIP PLUS AN ETCHED AND DRILLED 
GLASS EPOXY PC BOARD WITH SCHEMATIC AND LAYOUT INSTRUCTIONS. 
THIS BOARD MAKES iT SIMPLE TO BUILD A GENERATOR CAPABLE OF 
PHASER SOUNDS, LOCOMOTIVE, SIRENS, AIRPLANES, CLOCKS, ETC. 
DoES NOT REQUIRE DIP SWITCHES OR OTHER EXPENS! VE/UNUSUAL 
COMPONENTS. YOU SUPPLY ONLY A FEW STANDARD RESISTORS, CAP- 
ACITORS, SWITCHES, POTS, SPEAKER, 2N2222 TRANSISTOR AND SV 


BATTERY.s ae BASIC KIT CONTAINING €23883 


1176477, PC Board 
AND INSTRUCTIONS ni S5. 95 
2N2222 TRANSISTOR FOR ABOVE EACH 


IF YOU HAVE ALREADY PURCHASED THE 1176077 CHIP YOU MAY BUY 
THE PC BOARD AND INSTRUCTIONS ONLY. C23885 $4.00 


Q SLAVE TRIGGER & LED 


288 KIT @ Flasher 


WE SUPPLY ALL THE COMPONENTS & Kit 
PLUS SCHEMATIC TO MAKE A SEN- @ wee ae Gi denna 
SITIVE SLAVE TRIGGER WHICH Sas cred ecko 
WILL FIRE YOUR SLAVE STROBE LED. Comes complete with all parts, in- 
WHEN YOU TRIGGER YOUR MASTER a 
@ pigital 
Counting \ 


cluding the PC board. (9 battery is not 
STROBE. 
@ Module 


inctuded) . 


6VDC Manan 


Flasher 
Kit Ss 
VA 
dacbscehastecoetakg shee seo $s 
ras 1° 
\ @ Wheel of Ome 
[J Fortune , 


120 VAC 
Xenon 
Strobe Kit : 


& IC to give the effect 
& of a bright red bell spin- 
ning around numbers. 
Unit emits sound as bail 
of spins & finally stops on 
a@ number. inci. all parts 
: te & PC bosed. Cosang $8.99 


LED Panel oPpTo Tt 
Mounting Kit ISOLATORS | 


pee -02--- e e OC! 717 


12 sets for $1.00 
GE Sub-C 


RO170 , 
Rectifier Nicad qa 


Fast charge type 
C23784 5 for $1 .00 Brand new. with tabs. 
100 for $15.00 


Tube Specials 


7AK7 
12AU7 
12AT7 


Your choice 


2 for $1.00 





TExas INST. 
TEXAS INST. 
TExas INST. 
TEXAS INST. 


YOUR CHOICE asdenc: 


$2.00 
Alco Knob 


Stylish brushed 

aluminum. With 
set screw for %" 
shafts. 


C23876 


2 for $1.00 267: 


* Minimum order $5.00 

* Please include $1.00 for postage 
* Visa, MC and COD accepted 

» Phone orders are welcome 


P.O. BOX 27038 , DENVER, CO. 80227 (303) 781-5750 


HEWLETT 
PACKARD 


Your Cost 
$244.95 
159.95 
289.95 
124.95 
124.95 
99.95 
99.95 
74.95 
62.95 
58.95 
42.95 
299.95 


Model 

HP-41C Scient 
Card Reader/41C 
Printer/41C 
HP-34C Scient 
HP-38C Bus 
HP-38E Bus. 
HP-33C Scient 
HP-33E Scient 
HP-37E Bus. prog 
HP-32E Adv. Scient 
HP-31E Scient 
HP-67 Scient Prog 
HP-97 Scient Print 579.95 
HP-92 Bus. Print 399.95 


“C"stands for continuous memory 


@ 


We carry an enormous stock of HP 
accessories. All units come complete. 
One year guarantee by HP. 


TEXAS INSTRUMENTS 


TI-59 $209.95 T! Prog. Thermostat 99.95 
PC100C 146.95 Tl Translator-it speaks Call Us 
TI-58C 92.95 Tl Computer 99/4 Best Deal 
TI-57 48:95 Tl Programmer 52.95 

TI-55 35.95 MBA 58.95 

11-5040 94.94 Business Card 35.95 

TI-5025 79.95 Speak & Spell 59.95 


TI-5015 62.95 
TI-5100 43.95 Huge inventory of Tl accessories on 
hand at all tmes, guarantee by TI 


TI-5200 Call Us 

SPECIALS Sony new 1981 Betmax SL5600, 

320 Seiko watches to choose from retail $1550.00 1095.00 
Digiana SS 149.95 Sony Betamax SL5400 979,95 
Cartier type “Tank” 177.95 RCA new Selctvisn VDT625 mny 
Musical Alrm Chrongrph SS_ 179.95 new features retail $1400.00 1099.95 
Worldtmr alrmperpt calndrSS179.95 SONY all TV mods, best deal Call Us 
Calculator Watch- Alarm SS 259.95 Craig Translator, best deal Call Us 
Digital Chronograph SS 99.95 NAVTRONIC flight computrs Call Us 
Alarm Chronograph SS 149.95 *Casio calculator watch-New 49.95 
Solr Alrm/ Chronograph SS_ 179.95 *Mattel new Horse Race Computr 
Memory Bank Calendar SS 149.95 best on market 99.95 
Alarm Digital Quartz 119.95 All models dictating 

Multi Alarm goldtone 179.95 machines 

Divers 500 Ft quartz 60581 199.95 *Place your order now for 
May-June delivery. 


Tl watches 70 models also Casio 
and Juvenia watches. 
Casio-Sharp-Canon-Boris-Chess games-Victor-Sanyo-Pearlcorder- 
Polaroid-Panasonic-Amana-Litton-Apf-Atari-Navtronic and others. 
Prices are f.0.b. LA. Add $4.95 for shipping handheld calcs in USA. 
CA residents add 6% sales tax. 
We will beat any advertised priceif the competition has the goods on hand. 
Goods subject to availability Ask for our 130page catalog. 
ee Call Monday thru Saturday, 7AM to 6PM. 


Outside CA, toll free §Q0-421-8045 
In CA, Call below #’s 


olG Tul slom-7\6 a metelul Val} inc. 


216 South Oxford Avenue - P.O. Box 74545 - Los Angeles, CA 90004 
(213) 381-3911 or (213) 381-1202 - Telex 67-3477 


TI-5225 
TI-5230 


Call Us 
Call Us 





Call Us 


[ Master charge | 





Now get OHIO SCIENTIFIC personal computer 
products with guaranteed, quick, mail order delivery. 


Ohio Scientific Superboard il 


APRIL 1980 


ONLY $279 


The first complete computer system on a board. Includes 
keyboard, video display and audio cassette interface. 
8K BASIC-in-ROM; 4K RAM. Requires power supply + 5V 


at 3 Amp. 


‘"We heartily recommend Superboard Il 
for the beginner who wants to get into 
microcomputers with a minimum cost. A 
real computer with full expandability.’’ 
POPULAR ELECTRONICS, MARCH, 1979 


**The Superboard Il is an excellent choice 


Ohio Scientific C1P Series. 


The Challenger 1P. The best bargain in 
personal computer anywhere! 8K BASIC-in- 
ROM. 4K RAM. Cassette based with 53-key 
keyboard. B&W video display, 30 rows x 30 
columns. Upper and lower case. $349. C1P 


with BK RAM $3939. 


Ohio Scientific C1P MF. Mini-floppy version 
of the C1P. 8K BASIC-in-ROM, 12K RAM. 
Fully expandable. $9895. C1P MF with 20K 
RAM and OS-65D software $1198. 


‘SOFTWARE 


Cassettes 


AddGame $ 6.00 
BASIC Tutor Series 
$29.00 


Function Grapher 


Address Book . 


8.00 
Programmable 
Calculator $12.00 
Savings Account 


Baseball | 
Battleship 
Bowling 
Destroyer 
Space War 
Star Trek 
Tiger Tank 


Disks 


MDMS Education 
System 
DMS Aux File 
Systems $29.00 
DMS Checking and 
Savings Account 
$29.00 


MDMS Personal 
Calendar/Address 
Book $29.00 
Home Control Il 


oO DAC | Music 


Generation $39.00 

Baseball | & II, Golf, 

Bowling, Hockey 
$39 


Poker, Black Jack, 
Spades, Hearts, more 
$29.00 
Tiger Tank, Space 
Attack, Etch-A- 
Sketch, more 
$29.00 
Star Wars, Zulu 9, 
High Noon, more 
: $29.00 
Monster, Kite, Three 
Little Pigs, Humpty 


@ Dumpty and more 


(2 Disk Set) $29.00 


When ordering, specify 
Challenger 1P, 4P 
or 8P 


Many, many more software systems are 
available to you. See our catalog for 


complete listings. 


for the personal computer enthusiast on a 
budget.’* 
BYTE, MAY, 1979 


Accessories 

AC-3P 12” B/W monitor, TV 
AC-15P 12” Color monitor 
AC-16P 2-8 Axis Joysticks with 
cable 

AC-11P Answer/Originate 300 
baud modem with cable 

AC-17P Home Security Starter 
Set. 1 fire detector, 2 window 
alarms, 1 door unit. 

AC-18P 872” aluminized paper 
printer. Upper/lower case. 
AC-9TP Centronics 799 110cps 
tractor feed, business printer with 
interface 

AC-12P AC-Remote starter set. 
Console. 2 lamp modules, 2 
appliance modules, OS 65D home 
control operating system 


Disk Drives 

CD 3P Single 5” mini floppy 

CD 2P Dual 8” Disk with interface 
and OS-65D DOS 


Power Supplies 
PS 1. 5-volt @ 3 amps regulated. 
For use with Superboard |! 


Boards (Assembied and tested) 
CM SP. 24K Static. 

610. 8K Static. Expandable to 
24K and dual mini-floppy controller. 
CA-14A. Votrax® voice 
synthesizer. 

CA-15 Universal Telephone Inter- 
face, rotary or touch tone 
CA-15V UT! with Votrax® 

CM-6 48K Dynamic memory 
board. 

4KP. 4K static RAM kit 

CA12. 96 line parallel |/O 

Books: 

How to Program Microcomputers, 
By William Barden 

Basic and Persona! Computer 

By Dwyer & Critchfield 

Howard Sams C1P Service Manual 
Howard Sams C4P Service Manual 





Freight Policies 

All orders of $100 or more are shipped 
freight prepaid. Orders of less than $100 
please add $4.00 to cover shipping costs. 
Ohio Residents add 5.5% Sales Tax. 


Guaranteed Shipment Cleveland 
Consumer Computers & Components 
guarantees shipment of computer systems 
within 48 hours upon receipt of your order. 
Our failure to ship within 48 hours 
entitles you to $35 of software, FREE. 


CLEVELAND CONSUMER 
cl! COMPUTERS & COMPONENTS 


P.O. Box 46431 


Cleveland, Ohio 44146 





CIRCLE NO. 9 ON FREE INFORMATION CARD 


Ohio Scientific C4pPp Series. 


The Challenger 4P. A 4-slot computer with 
one open slot. Highly sophisticated 16 color 
video display. 32 rows x 64 columns, upper 
and lower case. 8K BASIC-in-ROM 8K RAM. 
200-20KHz programmable tone generator. 
AC remote interface. Expandable to 32K 
RAM and two mini-floppy drives. $698. 


The Challenger 4P MF. Mini Floppy version 
of the 4P. Two to three times faster than 
competitors. More |/O built-in than any other 
in its class. 24K RAM. Real time clock. 
Modem interface. Printer interface. 
Foreground/ pe ae operation and much, 
much more. $1695. 


Ohio Scientific 8P Series. 


Challenger 8P. Ohio Scientific’'s mainframe- 
class. Personal computer. 8 slots with 6 
open. Cassette based with 8K BASIC-in- 
ROM. 8K static RAM, expandable to 32K 
RAM, and dual 8-inch floppy disk drive. $895. 


Challenger 8P DF. A top of the line personal 
and small business computer. 32K RAM, 
expandable to 48K. Features dual 8” flopp 
disk drives. Audio output 200 20KHz. DA 

for voice generation. Keypad interfaces. 
Joystick (2) interfaces. AC Remote. Real 
Time Clock. Printer & Modem interfaces. 
And more. $2597. 


To Order: 


Or to get our free catalog 


CALL 1-800-321-5805 TOLL FREE. 
Charge your order to your 

VISA or MASTER CHARGE ACCOUNT 

Ohio Residents Call: (216) 464-8047. 

Or write, including your check or money 

order, to the address listed below. 


Hours: 
Call Monday thru neds 
8:00 AM to 5:00 PM E.S.T. 





TO ORDER: CALL 


1-800-321-5805 
TOLL FREE 
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SN7426N 
SN7427N 
SN7429N 
SN7430N 
SN7432N 
SN7437N 
SN7438N 
SN7439N 
SN7440N 
SN7441N 
SN7442N 
SN7443N 
SN7444N 
SN7445N 
SN7446N 
SN7447N 
SN7448N 
SN7450N 
SN7451N 
SN7453N 
SN7454N 
SN7459A 
SN7460N 
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7400 TTL 


SN7470N 
SN7472N 
SN7473N 
SN7474N 
SN7475N 
SN7476N 
SN7479N 
SN7480N 
SN7482N 
SN7483N 
SN7485N 
SN7486N 
SN7489N 
SN7490N 
SN7491N 
SN7492N 
SN7493N 
SN7494N 
SN7495N 
SN7496N 
SN7497N 
SN74100N 
SN74107N 
SN74109N 
SN74116N 
SN74121N 
SN74122N 
SN74123N 
SN74125N 
SN74126N 
SN74132N 
SN74136N 
SN74141N 
SN74142N 
SN74143N 
SN74144N 
SN74145N 
SN74147N 
SN74148N 
SN74150N 
SN74151N 
SN74152N 
SN74153N 
SN74154N 
SN74155N 
SN74156N 
SN74157N 





witty 


SN74160N 
SN74161N 
SN74162N 
SN74163N 
SN74164N 
SN74165N 
SN74166N 
SN74167N 
SN74170N 
SN74172N 
SN74173N 
SN74174N 
SN74175N 
SN74176N 
SN74177N 
SN74179N 
SN74180N 
SN74181N 
SN74182N 
SN74184N 
SN74185N 
SN74186N 
SN74188N 
SN74190N 
SN74191N 
SN74192N 
SN74193N 
SN74194N 
SN74195N 
SN74196N 
SN74197N 
SN74198N 
SN74199N 
SN74S200 
SN74251N 
SN74279N 
SN74283N 
SN74284N 
SN74285N 
SN74365N 
SN74366N 
SN74367N 
SN74368N 
SN74390N 
SN74393N 































CD4000 
CD400i 
CD4002 
CD4006 
C€D4007 
CD4009 
CD4010 
CD4011 
CD4012 
CD4013 
CD4014 
CD4015 
CD4016 
CD4017 
CD4018 
CD4019 
CD4020 
CD4021 
CD4022 
CD4023 
CD4024 
CD4025 
CD4026 
CD4027 











78MG 
LM106H 
LM300H 


LM302H 
LM304H 
LM305H 


LM309H 
LM309K 
LM310CN 
LM311N/H 
LM312H 
LM317K 


LM319N 
LM320K45 


LM320K-12 
LM320K-15 
LM320K-18 
L.M320K-24 
LM320T-5 
LM320T-5.2 
LM320T-8 
LM320T -12 
LM320T-15 
LM320T -18 
LM320T -24 
LM323K-5 
LM324N 
LM339N 
LM340K-5 
LM340K+4 
LM340K-8 
LM340K-12 
LM340K-15 

























74LS00 
74LS01 
74LS02 
74L.S03 
74LS04 
74LS05 
74LS08 
74LS09 
74LS10 
74LS11 
74LS13 
74LS14 
74LS15 
74LS20 
74LS21 
74LS22 
74LS26 
74LS27 
74LS28 





LM301CN/H a 


LM307CN/H_.35 
LLM308C.N/H 1.00 


— ee 
aan 


LM318CN/H 1. 


LM320K-5.2 
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CMOS 


CD4028 
CD4029 
CD4030 
CD4035 
CD4040 
CD4041 
CD4042 
CD4043 
CD4044 
CD4046 







74C161 


LINEAR 


LM340K-18 
LM340K-24 


LM340T-5 
LM340T 4 
LM340T-8 
LM340T-12 
LM340T-15 
LM340T-18 
LM340T-24 
LM358N 
LM370N 
LM373N 
LM377N 
LM380N 
LM380CN 
LM381N 
LM382N 
NESOIN 
NES10A 
NES529A 
NES31H/V 
NES36T 
NES40 
NES44N 
NESSON 
NES55V 
NESS6N 
NES60B 
NES62B 
NES65N/H 
NES66CN 
NES67V/H 
NES70N 


LM703CN/H_.69 
LM709N/H 


74LSOOTTL 





74LS51 
74LS54 
74LS55 
74LS73 
74LS74 
74LS75 
74LS76 
74LS78 
74LS83 
74LS85 
74LS86 
74LS90 
74LS92 
74LS93 
74LS95 
74LS96 


74LS107 
74L.S109 
74LS112 
74LS123 
74LS125 
74LS132 
74LS136 
74LS138 


elt all oll ell all aall ool oul ell all ell ell oo 
ets ate a. 
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CD4070 
CD4071 
CD4072 
CD4076 
CD4081 
CD4082 
CD4093 
CD4098 
MC 14409 
MC14410 
MC14411 
MC14419 
MC 14433 
MC 14506 
MC14507 
MC14562 
MC 14583 
CD4508 

CD4510 

CD4511 

CD4515 

CD4518 

CD4520 

CD4566 


74C 163 
74C 164 
74C173 
74€ 192 
740193 
740195 
740922 
74C923 
740925 
740926 
80C95 

80097 
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LM710N 79 
LM711N 39 
LM723N/H — .55 
LM733N 1.00 
LM739N 1.19 
LM741CN/H_ .35 
LM741-14N — .39 
LM747N/H _ .79 
LM748N/H _ .39 
LM1310N 1.95 
LM1458C N/H .59 
MC1488N 1.95 
MC1489N 1.95 
LM1496N 95 
LM1556V 1.75 
MC1741SCP 3.00 
LM2111N 5 
L.M2901N 2.95 
LM3053N 1.50 
LM3065N 1.49 
LIMI3900N (3401).59 
LM3905N 1.49 
LM3909N 1.25 
MCS5558V -59 
8038B 4.95 
LM/75450N 49 
75451CN 39 
75452C N 229 
75453C N ae] 
75454C N 39 
75491CN sto 
75492CN 89 
75493N 89 
75494C N 89 
RC4136 1.25 
RC4151 3.95 
RC4194 4.95 
RC4195 4.49 


74L$139 
74LS151 
74LS155 
74LS157 
74LS160 
74LS161 
74LS162 
74LS163 
74LS164 
74LS175 
74LS181 
74LS190 
74LS191 
74LS192 
74LS193 
74L.S194 
74LS195 
74L.S253 
74LS257 
74L.S258 
74L.S260 
74L.S279 
74LS367 
74LS368 
741.S670 
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(4 Cromemco 





Z80- 4MHz Single Card Computer 





Cromemco’s Single Card Computer is a complete computer which brings the 
power of the Z-80 and the flexibility of the S-100 bus to the dedicated com- 


The card offers 4 MHz operation, 8K bytes of on-board 2716 PROM, and 1K 
byte of static RAM memory. This stand-alone card also provides an RS-232 
(or 20mA current loop) serial interface with programmable baud rates to 
76,800, vectored interrupts, 24 bits of bidirectional parallel 1/0, and 5 pro- 
grammable timers. Only a power supply and PROM software are required for 
operation. The Single Card Computer is assembled and tested (Model SCC-W) 
for $450. The Monitor and Control BASIC are available in two ROM’s (Model 


SCC-W (assembied) 





TELEPHONE/KEYBOARD CHIPS 


Push Button Telephone Dialler $14.95 








$450.00 













Processor: 4MHz Z-80 
Instruction Set: 158 
instructions of the 8080. 

ROM Capacity: 8K Bytes located fro 
0000 to 1FFF. 

ROM Type: Intel 2716 PROM or e 
RAM Capacity: 1K Bytes located fro 
2000 to 23FF 

RAM Type: 4045, Static 





TYPE 

MAN 1 
MAN 2 
MAN 3 
MAN 4 
MAN 7G 
MAN 7Y 
MAN 72 
MAN 74 
MAN 82 
MAN 84 
MAN 3620 
MAN 3630 
MAN 3640 
MAN 4610 
MAN 4640 
MAN 4710 
MAN 4730 
MAN 4740 
MAN 4810 
MAN 4840 
MAN 6610 
MAN 6630 
MAN 6640 
MAN 6650 
MAN 6660 
MAN 6680 
MAN 6710 


RCA LINEAR 


CA3082N 
CA3083N 
CA3086N 
CA3089N 
CA31NT 
CA3140T 
CA3160T 
CA3401N 
CA3600N 


CA3013T 
CA2023T 
CA3035T 
CA3039T 
CA3046N 
CA3059N 
CA3060N 
CA3080T 
CA3081N 





ee 


8 pin SG 
144 pin SG 
16 pin SG 
18 pin SG 
24 pin SG 
28 pin SG 
36 pin SG 
40 pin SG 


1/4 WATT ae ey ASSORTMENTS -9% 


ASST. 1 
ASST. 
ASST. 
ASST. 
ASST. 


ASST. 


ASST. 
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instructions 


.200”’ red 
.200’’ green 
.200”’ yellow 
.200’’ clear 
-200’’ red 
.200’’ green 
-200’’ yellow 
-170’’ red 


POLARITY 
Common Anode-red 

5 x 7 Dot Matrix-red 
Common Cathode-red 
Common Cathode-red 
Common Anode-green 
Common Anode-yellow 
Common Anode-red 
Common Cathode-red 
Common Anode-yellow 
Common Cathode-yellow 
Common Anode-orange 
Common Anode-orange +1 ~~ .300 
Common Cathode-orange 
Common Anode-orange 
Common Cathode-orange 
Common Anode-red 
Common Anode-red + 1 
Common Cathode-red 
Common Anode-yellow 
Common Cathode-yellow 
Common Anode-orange-D.D. .560 
Common Anode-orange + 1 + .560 
Common Cathode-orange-D.D. .560 
Common Cathode-orange + 1 .560 
Common Anode-orange 
Common Cathode-orange 
Common Anode-red-D.D. 












1-24 
na, 
-20 
-22 
29 
34 
rf 
38 
45 
-60 
63 


SOLDERTAIL (GOLD) 
STANDARD 


1-24 2-49 
39 
-49 


79 
1.10 
1.65 
1.75 


5 ea 


5 ea 


5 ea 


$10.00 Min. Order — 
Calif. Residents Add 6% Sales Tax 
Postage — Add 5% plus$1 Insurance (if desired) 


en 
ameco 


ELECTRONICS 
MAIL ORDER ELECTRONICS — WORLDWIDE 







SuRReakRssS 


w 


Serial 1/O Ports: 

1/O Levels: RS-232 or 20mA current loop 
Baud Rates: 110 to 76,800 (software selectable) 
Parallel Ports: 

Input Port: 24 bits bidirectional 

Output Port: 24 bits bidirectional 

Input Load: One TTL equivalent 

Output Drive: 20 TTL loads 

Interval Timers: 

Number of timers: 5 


DISCRETE LEDS @qgjE—— 


XC111R .190’’ red 
XC111G .190’’ green 
XC111Y :190"’ yellow 
XC1l1IC .190’ clear 





MV50 

XC209R . 
XC209G .1 
XC209Y . 
XC526R . 
XCS526G . 
XCS26Y . 
XCS526C . 


DISPLAY LEDS 





HT 

























12 OHM 
33 OHM 
82 OHM 
220 OHM 
560 OHM 
1.5K 


Includes Resistor Assortments 1-7 (350 PCS.) 
U.S. Funds Only 






CALCULATOR 
CHIPS/DRIVERS 


MM5725 
MM5738 
DM83864 
DM8865 
DM8887 
DM8889 
9374 7-seg. 
LED driver 1.50 
MM5309 


LOW PROFILE 
(TIN) SOCKETS 


2-49 


CLOCK CHIPS 







MM5387/1998a 4.95 
6.95 


SOLDERTAIL 
STANDARD (TIN) 









Spec Sheets —.25¢ 
1980 Catalog Available — Send 41¢ stamp 


Timer range: 0-16.32 milliseconds (software sel.) 
Timer resolution: 64 microseconds 
Vectored Interrupts: 

No. of restart locations (Z-80 mode): 65,536 
General Information: 

UART type: 5501 Bus: S-100 
Power requirements 
+18V at 70mA 
—18V at 25mA 
Operating environment: 0-55°C 








INFRA-RED LED 
Ya"" x ¥a""X1/16"" flat 






HT PRICE 
Common Anode-red + 1 .560 
Common Cathode-red-D.D. .560 
Common Cathode-red + 1 .560 
Common Anode-red .560 
Common Cathode-red -560 
Common Anode-red + 1 .300 
Common Cathode-red .300 
Common Anode-red .300 
Common Cathode-red .500 
Common Anode-red .600 
Common Anode-red + 1 .630 
Common Anode-red .600 
Common Cathode-red + 1 .630 
Common Cathode-red .600 
Common Cathode-red 110 
Common Cathode .250 
Common Cathode + 1 .357 
Common Cathode .357 
Common Cathode(FND500) .500 
Common Anode (FND510) .500 
Common Anode-red .300 
Common Anode-red .800 
Common Cathode red .800 
4x 7 sgl. Digit-RHDP .600 
4 x 7 Sql. Digit-LHDP .600 
Overrange character (+1) .600 
4x 7 Sgl. Digit-Hexadecimal .600 













4.95 MC1408L7 

4.95 MC1408L8 

4.95 MC1439L 

4.95 MC3022P 

6.95 MC3061P 5 

9.95 MC4016 (74416 )7.50 

2.95 MC4024P 
MC4040P 








MC4044P 















25-49 













WIRE WRAP SOCKETS 
(GOLD) LEVEL #3 








sopcs $1.75 
sopcs 1.75 
sopcs 1.75 
sopcs 1.75 
sopcs 1.75 
sopcs 1.75 
sopcs 1.75 
$9.95 ea. 








PHONE 
ORDERS 


WELCOME 
(415) 592-8097 


1355 SHOREWAY ROAD, BELMONT, CA 94002 





PRICES SUBJECT TO CHANGE 





+8V at 1.4A 





Repertory Diallier 14.95 
CMOS Clock Generator 4.95 
Keyboard Encoder (8 keys 14.95 
Keyboard Encoder (16 keys 7.95 
Keyboard Encoder (16 keys 7.95 
Keyboard Encoder (20 keys 6.25 
ICM CHIPS 
CMOS Precision Timer 24.95 
CMOS LED Stopwatch/Timer 19.95 
Oscillator Controller 7.50 
Seven Decade Counter 19.95 
Clock Generator 6.95 
NMOS READ GNLY MEMORIES 
128 X 9 X 7 ASCII Shifted with Greek 13.50 
128 X 9 X 7 Math Symbol & Pictures 13.50 
128 X 9 X 7 Alpha Control Char. Gen 13.50 
MISCELLANEOUS 
Quad Low Noise bi-fet Op Amp 2.49 
Switching Regulator 4.49 
Single Switching Regulator iPr: 
Divide 10/11 Prescaler 19.95 
Hi-Speed ~~ 10/11 Prescaler 11.95 
on Opto-isolator 3.95 
Top Octave § req. Generator 17.50 
5Mhz 2-phase MOS clock driver 3.75 
.27” red num. display w/integ. logic chip 10.95 
TV Camera Sync. Generator 14.95 
4% Digit DPM Logic Block (Special) 3.95 
3% Digit A/D Converter Set 25.00/set 
3% Digit A/D Converter 13.95 


LITRONIX ISO-LIT 1 
Photo Transistor Opto-lsolator 


(Same as MCT 2 or 4N25) 





TV GAME CHIP AND CRYSTAL 


AY-3-8500-1 and 2.01 MHZ Crystal (Chip & Crystal 
includes score display, 6 games and select angles, etc fs 95 / set 


FXAR XR2264 4.25 
XR2556 3.20 


XR1468CN 3.85 


XR2567 2.99 
JE2206KB 19.95 XR3403. 1.25 
XR1800 3.20 XR4136 == 1.25 
XR2206 4.40 XR4151 3.95 
XR2207 =. 3.85 XR4194 4.95 
XR2208 5.20 XR4202 =. 3.60 
XR2209 1.75 XR4212 =. 2.05 
XR2211 4.25 XR4558 15 

: XR4739 






PRICE 14N4003 200 PIV 1 AMP 12/1.00 
4/1.00 1N4004 400PIV1AMP  12/1.00 
4/1.00 1N4005 600PIV1AMP  10/1.00 
4/1.00 1N4006 800PIV1AMP  10/1.00 
4/1.00 1N4007 1000 PIV1 AMP  10/1.00 
4/1.00 1N3600 50 200m 6/1.00 


— 


5. 
5.6 
6.2 
6.8 
9.0 
2.0 
8.2 
5 


—_ 


MOTOROLA 


wm wr @ 


4/1.00 1N4148 75 10m 15/1.00 
4/1.00 1N4154 35 10m 12/1.00 
4/1.00 1N4733 5.1 1w 28 
/1.00 1N4734 5.6 1w 28 
28 1N4735 6.2 1w 28 

28 1N4736 6.8 1w 28 

28 1N4738 8.2 1w 28 

28 1N4742 12 1w 28 

28 1N4744 15 1w 28 


KS es 
AHAAWN ADH 


6/1.00 1N1184 100 PIV 35 AMP 1.70 
6/1.00 1N1185 150 PIV 35 AMP 1.70 
5/1.00 1N1186 200 PIV 35 AMP 1.80 
12/1.00 


SCR ei FW BRIDGE RECTIFIERS 


— 
ou 
Oo 








50-100 


50 TRAN I TORS 2N3904 


~ 


ato SS 
SSsaaassss 


mM & 
~~ => 


2N3055 2N3905 

MJE3055 1 ‘00 2N3906 4/1.00 
2N3392 5/1.00 2N4013 3/1.00 
2N3398 5/1.00  2N4123 6/1.00 
PN3567 3/1.00 PN4249 4/1.00 
PN3568 4/1.00  PN4250 4/1.00 
PN3569 4/1.00 2N4400 4/1.00 
MPS3638A 5/1.00 2N4401 4/1.00 
MPS3702 5/1.00 2N4402 4/1.00 
2N3704 5/1.00 2N4403 4/1.00 
MPS3704 5/1.00 2N4409 5/1.00 
2N3705 5/1.00 2N5086 4/1.00 
MPS3705 5/1.00 2N5087 4/1.00 
2N3706 5/1.00  2N5088 4/1.00 
MPS3706 5/1.00 2N5089 4/1.00 


2N3707 5/1.00 2N5129 5/1.00 
2N3711 








04 .035 ApF 12° 09.075 
100 VOLT MYLAR FILM CAPACITORS 


+20% DIPPED serge ie (SOLID) CAPACITORS 


.25 Al 33.26 
2 2 2/38 51.41.33 
-25 3.3/25V 58 aS 34 
-25 4.7/25V 63 51 41 
25 6 .8/25V AD 263s: 50 
25° 45/25V 1.39 1.12  .89 
3 DweEy -79 63 50 


MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS 








Radial Lead 

10 47/25V Fol ka Matinee Ps eee 
11 .47/50V NG 14 Vdd 
.09 1.0/16V AS FAD 
.10 1.0/25V AG SAS RATA 
10 1.0/50V 163s 444 
12 4.7/16V Ss AS: 4G 
12 4.7/25V STS ee LAB AE TG 
.18 4.7/50V AG AC Py 
15 10/16V Aye tes +09 
19 10/25V US 2 oho? ato 
18 10/50V JON (814 0A 
.28 47/50V 242.24 Ag 
25 100/16V LK acest beens Pe 
.38 100/25V 524 ce a0. Seas 
27 100/50V £352. 30;5 2528 
45 220/16V A arose ee 1 S 
55 470/25V 31.28 




























SN 76477 
SOUND GENERATOR 
Generates Complex Sounds 






Low Power - Programmable 


$3.95 each 





















XR4741 


VOLTS W 
1N4002 100 PIV 1 AMP 12/1.00 









28 1N1183 50 PIV 35 AMP 1.60 







1N1188 400 PIV 35 AMP 3.00 










SCR(2N1849) $1.95 
SCR 1.95 
SCR 50 
FW BRIDGE REC. 1.95 








FW BRIDGE REC. 































50 VOLT CERAMIC C 0 R N F FY 
DISC CAPACITORS 







100 - 1-9 10-99 100+ 
03 .001uF 05 04.035 
03 .0047uF 05 .04 035 
03  .01pF 05 .04 035 
03  .022uF 06 .05 .04 
03 .047uF 06 .05 .04 







.07 .022mf ASA celts 208 
.07 .047mf Zhao dt 18 
07 .1mf a bia So | 
.07 .22mft SOo nel mi ree 






























POPULAR ELECTRONICS 


NE ae ERNE tee? MN a ee 

















The Incredible 
“Pennywhistle 103” 


MICROPROCESSOR COMPONENTS 


—————8080A/8080A SUPPORT DEVICES 
8080A CPU $ 7.95 CROPROCESSOR MANUALS 


MINIATURE SCREWDRIVER 





















































































































































































































































j M-Z80 User Manual $7.50 
8212 8-Bit Input/Output 3.25 Sica 
8214 Priority Interrupt Control 5.95 apogee ras nia 120 
8216 Bi-Directional Bus Driver a sete 
RUGGED CONSTRUCTION 8224 Clock Generator/Driver Sa ee 1 ’ 
NODN TOF USES 1B" TIP PA Oe 2/$1.00 8226 Bus Driver 3.49 5559/9540) Character G sae a 
8228 System Controller/Bus Driver 4.5 —aneen yas oo nanecadehipuaeeenen te The Pennywhistle 103 is capable of recording data to and from audio tape without 
8238 Syeton Conlvatile 5.95  2913(3021) aracter Generator(lower case) 9.95 6 P ga Hato tap 
ae prog: Cilennt 4a WEAR re 2516 Character Generator 10.95 critical speed requirements for the recorder and it is able to communicate directly with 
oat 0. pale ( ) 2 MMS5230N  2048-Bit Read Only Memory 4.95 | another modern and terminal for telephone “‘hamming" and communications. In 
Tog: Mera srner 95 addition, itis free of critical adjustments and is built with non-precision, readily available 
8257 Prog. DMA Control 19.5 4493 6 Data Transmission Method .... .F -Shift Keyi , : 
8259 Prog. Interrupt Control 19. ee pei ee : ate sip a See ie ia ci 
Picks up elusive metal parts or tools ——————6800/6800 SUPPORT DEVICES—-——_ Jrgisen sega Sect a Maximum Data Rate... . *.....300 Baud. 
in hard-to-reach places. MC6800 MPU — $14.95 5499 1024X1 Static 1.75 Data Format ................. Asynchronous Serial (return to mark level required 
MC6802CP MPU with Clock and Ram 24.95  s4199 1024X1 Stati between each character). 
EXTENDS TO 26%" — ROTATES 360° MC6810API 128X8 Static Ram ;Asitini: aon ane yon | Receive Channel Frequencies .. .2025 Hz for space; 2225 Hz for mark. 
STRONG, LIFETIME MAGNET tee mo a — meen 749 5439 O5EX4 eae MOS 4.95 Transmit Channel Frequencies . Switch selectable: Low (normal) = 1070 space, 
riority Interrupt Controller 12.95 5444 1024x ‘ : 1270 mark; High = 025 space, 2225 mark. 
M a P < o 5k ee ee ae Os $3. 95 ae — Bit ROM (MC68A30-8) 14.95 oys4p 1004x st soe Rees feria ne Receive Sensitivity............ ~46 dbm accoustically coupled. 
sa or eineet oth Oe tees 2114-3 1024X Static 300ns 10.95 Transmit Level ............... Pai thea Me Adjustable from —6 dbm 
nm oo = CONTINENTAL SPECIALTIES | ™css6o 0-600 bps Digital MODEM 12.95 51 “ya oot Seen. ew. power Se Receive Frequency Tolerance ...Frequency reference automatically adjusts to 
MC6862 2400 bps Modulator 14.95 Sogqnso7 Dynamic - 95 allow for operation between 1800 Hz and 2400 Hz. 
LoGic PROBE KIT MC6880A Quad 3-State Bus. Trans. (MC8T26) 2.25 7439 Static 1.75 Digital Data Interface.......... EIA RS-232C or 20 mA current loop (receiver is 
—— MICROPROCESSOR CHIPS—MISCELLANEOUS 7200 ee optoisolated and non-polar). 
Ee ses 780(780C) CPU rh ‘mae phe Power Requirements .......... 120 VAC, single phase, 10 Watts. 
Z80A(780-1) CPU Dynamic 16 pin 4.95 PRUSICAD so ais ticcote = Hasricasnsdee All components mount on a single 5” by 9”° 
CDP1802 CPU j printed circuit board. All components included. 
— ks vu 16K Dynamic 16 pin 250ns 9.95 Requires a VOM, Audio Oscillator, Frequency Counter and/or Oscilloscope to align. 
SPECIFICATIONS 8035 8-Bit MPU w/clock, RAM, 1/0 lines 4k Static 14.95 
i P8085 CPU 45 . 
input “aegis or seni rs TMS9900JL 16-Bit MPU w/hardware, multiply TMS4045  1024X4_— Static 14.95 1 6K Co nvers ion Kit 
resholds: ‘Lo’ Vcc — “Hi'’ 70%Vcc & divide 49.95 2117 16,384X1 Dynamic 350ns 9.95 
Maximum Speed: 300 nsec., 1.5MHz FASTER ee as ge EL Sr (house marked) Expand your 4K TRS-80 System to 16K. 
Input Protection: #50VDC sAAiereiie 117VAC MM500H Dual 25 Bit Dynamic $.50 MMS5262 2KX1 Dynamic 4/1.00 Kit comes complete with: 
‘ Pp 2 uF sat ae FH spetiag PROM’S — * 8 each UPD416-1 (16K Dynamic Rams ) 250NS 
or sec. Agra “A «ATODA onan * Documentation for conversion 
p é V OmA @ V 25V MM506H Dual 100 Bit Static 30 2 2048 FAMOS $5.95 
ower: 30mA @5V — 40m 15V — maxX. | MMS510H Dual 64 Bit Accumulator 50 2716INTEL 16K EPROM 59.95 7 
reverse voltage protected; 36’ cable with color oe tak pi Dynamic a EPROM 39.95 MHUIN ww. . 
t : ynamic 3.95 2716 "Requires single +5V power suppl 
coded clips included. 2518 Hex 32 Bit Static 495 TMS2532 4KXB. «EPROM ee Dt ae 
Operating Temp.: 0-50°C. ase Dual 132 Bit Static 295 2708 3K EPROM 10.95 
. . : \ . 252: 512 Static 98 2716T 16K"* EPROM 29.95 
Dimensions: 5.8L x 1.0W x 0.7D in. 2525 1024 Dynamic 2.95 “Requires 3 voltages, —5V, +5V, +12V 
(147 x 25 x 18mm) 2527 Dual 256 Bit Static 295 5203 204 FAMOS 14.95 
Weight: 30 oz. (85 gm) fins ee Fs heal 4 “ set 1024 Tristate Bipolar 3.49 na 
‘ - §330-1(7602) 256 Open C Bipolar 2.95 
CE eee S214. 95h 2532 Quad 80 Bit Static 295 82523 32X8 Open Collector 3.95 
3341 Fifo 6.95 825115 < Bipolar 19.95 
74LS670 4X4 Register File (TriState) 2.49 82123 32X8 Tristate 3.95 ¢30 AWG wire e025” square posts 
AME e 14186 aie TIL Open Collector 9.95 *Daisy chain or Built-in cut off 
_ : Proto C lips UART'S 4188 256.~—«CTTL Open Collector 3.95 baceoise aks 
a Oint-to-poin Wi 
p A-Y-5-1013 30K BAUD 5.95 74828 1024 Static , . o inches SH ts. wire 
















eNo stripping or slitting required— 


14-PINCLIP PC-14 .... $ 4.50 just wrap 


JE600 HEXADECIMAL DIGITAL 







































16-PINCLIP PC-16 .... $ 4. Wir 

OP hare ene Co eho ENCODER KIT THERMOMETER KIT Port No, eae re 
yD, 40-PINCLIP PC-40 .... $16.00 FEATURES: ee Bye yeas 
sii e Full 8 bit latched output for mucro- JW-1-W White 14.95 
processor use ; JW-1-Y Yellow 14.95 

e 3 User Define keys with one Deing Di- JW-1-R Red 14.95 





stable operation 
e@ Debounce circuit provided for a! 79 


Proto Boards 





































: keys 
oi. Ages ee a ye LED readout to verify entries 
e a haath with standard 16 pin Part No. Color Price 
PO eer alas oe : © Only +SVOC required Yor osetasions R-JW-B Blue........ 50 ft.roll....... $2.98 
Shes eae ; FULL 8 BIT LATCHED OUTPUT—19 KEYBOARD Weide awitching-contral-tor. th: R-JW-W White. 3.25 2): S50 ttcrélha ako 28 
re NR eae en ‘ The JE600 Encoder Keyboard provides two separate hexadecima ecrfoutsnos or dual monitoring R-JW-Y Yellow...... 50ft.roll....... 2.98 
Pewee PB-203........ digits produced from sequential key entries to allow direct prog- sContinuous . t. display R-JW-R Red ‘isc Ske. 50 ft. roll... ; 9 
earner onetnete oe cs ramming for 8 bit microprocessor or 8 bit memory circuits. Three "Range: -40°F to 199°F / -40°C to 100°C vse 206 
Wr eiiacaste . "Accuracy: +1° nominal 









(3) additional keys are provided for user operations with one having 
a bistable output available. The outputs are latched and monstorec 
with LED readouts. Also included is a key entry strobe 


JEGOO™. Ws i a ee 
Hexadecimal Keypad only..... $ : JE300 eee atin e $39.95 


62-Key ASCII Encoded Keyboard Kit 


FEATURES: 

®60 Keys generate the full 128 char- 
acters, upper and lower case ASCII 
set 

® Fully buffered 

®2 user-define keys provided for 
custom applications 

®Caps lock for upper case only 
alpha characters 

® Utilizes a 2376 (40 pin) encoder 
read only memory chip 

The JE610 62-Key ASCII Encoded Keyboard ®Outputs directly compatible with 


®Set for Fahrenheit or Celsius reading 
®Sim. walnut case - AC wall adapter incl. 
#Size: 3-1/4"H x6-5/8""Wx 1-3/8""D 


PB-203A-Kit ... 131 00 


Jumbo 6-Digit Clock Kit 


* Four .630”ht. and two .300”ht. 
common anode displays 

* Uses MMS5314 clock chip 

* Switches for hours, minutes and hold functions 

* Hours easily viewable to 30 feet 

* Simulated walnut case 

* 115VAC operation 

* 12 or 24 hour operation 

* Includes all components, case and wall transformer 

* Size: 634 x 3Y%e x 1% 


JE747..............$29.95 


eBright .300 ht. comm. cath- 
ode display 







































Vacuum Vise 


Vacuum-based light-duty 
vise for small components 
and assemblies. ABS con- 
struction. 1%” jaws, 1%"’ 
travel.Can be permanently 
instaHed. 








































































® Uses MM5314 clock chip Ki : “i r 
: : it can be interfaced into most any com- TTL/DTL or MOS logic arrays : ee = 
*Switches for hours, minutes | Huter system. The JEG10 Kit comes com- ® Easy interfacing with a 16-pin dip sTwo Sizes: 6” and 10 
eHrs. easily viewable to 20 ft. plete with an industrial grade keyboard or 18-pin edge connector pirate Ntanaditiine oeset 


switch assembly (62 keys), IC’s, sockets, 


connector, electronic components and a 
double-sided printed wiring board. The JE610O Sway bie $79.95 
keyboard assembly requires +5V @ 150mA 
and —12V @ 10mA for operation. 62-Key Keyboard only. . $34.95 


HICKOK LX303 Portable LCD Digital Multimeter 


®Big % inch high * : yst2! Display ® Over 200 Hours of operation with a 9V battery 
© Automatic zero, polarity 2 on ©100mV DCFE-.S. sensitivity © 1% basic accuracy 
© 19 ranges and fu ons * Rugged Cycolee = case and removable cover, stores test lead set. 

e Full one year warrant 


eSimulated walnut case 
©115 VAC operation 


e12 or 24 hr. operation 
JE 701 @incl. all components, case & 
wall transformer 


eSize: 6%" x 3-1/8" x 1%" 


6-Digit Clock Kit $19.95 
Regulated Power Supply 


Uses LM309K. Heat sink | 
provided. PC board con- ™ 
struction. Provides a solid “~~ 
1 amp @ 5 volts. Can supply up 
to +5V, +9V and +:12V with 
JE205 Adapter. Includes compo- 
nents, hardware and instructions. 
Size: 3%’ x 5” x 2”H 


JE200........$14.95 


ADAPTER BOARD 
— Adapts to JE200— 
+5V, +9V and +12V PHONE 


: Fs 
DC/DC converter with +5V input. Toriodal hi- bee ameco Tk wedptie'd 


speed switching XMFR. Short circuit protection. ELECTRONICS (415) 592-8097 


PC board construction. figgy: -back to JE 200 
board. Size: 3/4" x 2” x 9/16"H MAIL ORDER ELECTRONICS — WORLDWIDE * RUGGED PLASTIC CASE 
1355 SHOREWAY ROAD, BELMONT, CA 94002 


JE205 ...............912.95 HOREWAY ROAD, BELMONT. CA § JVC-40 .......84.95each 


CIRCLE NO. 33 ON FREE INFORMATION CARD 99 





AW-6..$4.95 10’— AW-10. . $6.95 


JOYSTICK 
VIDEO CONTROLLER 


6° 




























SPECIFICATIONS: DC volts & ranges: OD Im V to 1000V: Accuracy +0.5% rdg +0.5% f.s.; Input imped i10mQQ; 
Max. input 1kV except SOOV o 
AC Volts (40Hz to SkHz): 0.1 6 
Resistance (6 Low Power Ranges! 
input protected to 120VA 
DC Current (6 ranges) 01 n 
Dimensions and Weight: 5-7/8 
READ RATE: 3/sec 


LX303 Digital Multimeter .......$74.95 


PART NO. DESCRIPTION PRICE 
RC-3 Re I eosin ae ON hr go a 7.50 
CC-3 PABDED CARRVING. CASE 33.060 on, 7.50 
VP-10 X10 DC PROBE ADAPTER (Upto 10K) ........... 14.95 
VvP-40 40k pe 5 aR ae ee eee ace Bs 35.00 
10 Rem DC Gisrent Shunt. os). yee eels es 14.95 


$10.00 Min. Order — U.S. Funds Only Spec Sheets — 25¢ 
Calif. Residents Add 6% Sales Tax 1980 Catalog Available — Send 41¢ stamp 
Postage — Add 5% plus $1 Insurance (if desired) 















cy: +1.0% +0.5% f.s. (—2dB max. at 5kHz); Max. input: 600V 
é icarecy: 950.5% rdg +0.5% f.s. (+1.5% rdg on 20m $2 range); 










y - =1.0% rdg +0.5% f.s. 
8 oz., POWER: QV battery (not included) or Hickok AC adapter; 







































































FRONT VIEW INSIDE REAR VIEW 
e IDEAL FOR ALL VIDEO GAMES OR REMOTE CON- 
TROL PROJECTS 
eSMALL CASE SIZE: 1-1/2H x 2-3/8"W x 4-5/16"L 
e2 MINIATURE POTENTIOMETERS—40K OHM EACH 
| © SPST PUSH BUTTON CONTROL 
e 5-WIRE CONNECTION CABLE — 5 FEET LONG 




































APRIL 1980 





_ : P/N Transformer 
TC ESOE C008 20 _— S!-1010G(10W) $ 6.95 TR10 $ 7.90 
S1-1020G(20W) $13.95 TR20 $10.90 


y | | i é | = RB A-si-B(Socket for above) 95 
: ! Lage | or ~ eee = s1-1030G(30W) $19.00 TR30 $12.90 

ine ee = §f = = $1-1050G(50W) $27.80 TR50 $17.90 
ee = A-SI-10(Socket for above) 95 
* Note: One Transformer can power two audio amplifiers. 


More sensitive to your input HYBRID AUDIO POWER AMS ETE Ue 
PET 2001 professional computer aa wr : Horne 


HE, 


Ai RETR oy 


%. 


re can ese 


CBM 2040 
a Mo: 
CBM 2001 : F 
@ Easy to use - plug in capacitor, push range 


PET 2001-8N Computer 8K bytes, large keyboard w/separate numeric - v : : button and read the value to 0.1% 
pad and graphics ' $795.00 : ‘> @ 0.5 in. liquid crystal display 
PET 2001-16N worepeseryel Bate bytes, large keyboard with US en oo 2 : : . @ Exclusive “Acharge/Avolt” measure- 
et se ee : . . er was ment circuit (patent pending) holds +0.1% 
CBM 2001-16B Computer As above but has standard typewritter keyboard. oe i = cee coe rite 3) Salts wien 


No graphic keys $995.00 : 
PET 2001-32N Computer identical to PET 2001-16N except with 32K bytes @ Upto 200 hrs operation on standard SV Batt. 
@ 8 easy pushbutton ranges cover 0.1pf to 


of memory $1295.00 . 
CBM 2001-32B Computer Identical to CBM 2001-1 6B except with 32K bytes HITACHI 30 MHz Dual Trace Oscilloscope 1999 microfarads. 


of memory $1295.00 es i i i i @ Best of all it's easy on the budget - only 
CBM 2022 Printer 80 column dot matrix printer with plain paper or forms e eg — meenter ogigney ° Signal verey line : = 
handling tractor feed. Full graphics $795.00 | @ High-sensitivity 1mV/div (5MHz) @ X-Y operation MODEL 938 $1 49 


ean ag vista Niele led abate aia eek Mae S695 00 @® Sweep-time magnifier (10 times) @ Trace Rotation 


ive intelli ini fl : eee ee : : = 
CBM 2040 Dual Floppy Dual drive intelligent mini yg Peo Aeylt @ Z-axis input (Intensity modulation) $945.00 Intersil LED or LCD 


341K net user storage capacity 


C2N ee glo Vout a Cassette player/recorder to ge Pea 8038CP LIQUID CRYSTAL DISPLAY 3, DIGIT PANEL 


PET to IEEE Cable Use this cable to connect your floppy or printer pCR EEE, 


to any CBM Computer $39.95 | Function Generator IC ae, y:] 8) @® High Contrast Ratio 
IEEE to IEEE Cable Use this cable when connecting more than one per- $3.90 each + ‘A: 2&4! | @ Wide Viewing Angie Ni ETE R KITS 


ipheral to any CBM Computer $49.95 i as zs 

User Manual 160 pages covering all facets of user operation, programing Ps 8K om @ 0.5 in. Digit Height | BUILD A WORKING DPM IN 2 HOUR WITH 
and 1/0 for PET Computers $9.95 7 0s EPROM | @ ULTRA Low Power Consumption | THESE COMPLETE EVALUATION KITS 

: ese new parts for yourself with Intersil’s low cos 

$10.50 a LCD1 06 dette The Nadie ANAS! Jeb EPS oid FF AR $1 4.50 boat sre kits, sasieatis octite Wihanace aattes dieplay 
(for the 7106) or LED display (for the 7107). Kits provide all 


Professional Keyboard Kits! 
v SORCERER COMPUTER SEAnGORGE materials, including PC board, for a functioning panel meter. 


een oes 2oo ae ry omere mts. ti gg gy a lt a yh Ra En | | 1CL7106EV (1cb)...$29.95 1CL7107 (LeD)...$24.95 


For Hobby or OEM Microprocessor Users . 64 User Defined Characters — 
8 Digit - 10 MegaHertz 


@ Full 128 Character ASCII (756) @53 Keys, popular ASR-33 Pica wssota muti es . 
format (753) @ Rugged G-10 P.C. Board @ Tri-mode MOS en- 1000- 16K Sorcerer t yee ae rd — c t e r S i © e 
fi - ‘ <: DP1005 7 Displ. 299.) ti iu. E 
coding @ Two-Key Rollover @ MOS/TTL/DTL Compatible out EPROM Pac” DPS002 Standard Basic Manual Universal Counter Kit 


puts @ Shift and Alpha Lock(756) @ Level and Pulse Strobe(756) Standard Basic Pac , Technical Manual x 
® Custom Keycaps @ 3 User Definable Keys(753) @ Selectable Development Pac J S-100 Expansion Unit Manual E Kit Includes: 2 Resistors 


2 ‘ i ¥ Hi M 1 . 
Parity @®Low Bounce Keyswitches® And Much More!!! » plat isk te eS Haens Procensing Need @ ICM7226AIDC IC & Capacitors 


753K 53 Key phone style keyboard-Kit. .. $65.95 @ 10 MHz Quartz Crystal @ Diodes 


TERK 86 Key Fall ASCII kevbcerd ki. 308. @ (8) 7 Segment .3” LED Displays @ Switches 


756A Same as above assembled é & @ PC Board @ IC Socket 


701 Plastic enclosure for 753/756 a : : 
Pi Gieal oacioditaiac 7eariee ; 1 - hemi a | | Order Part Number ICM7226AEV.................... $59.95 


753MF Mounting Frame for 753 : : Coll ; 
756MF Mounting Frame for 756 - = ae & Tested : Bia acie chink 


or Money Order to 


AP Products a enee de 1 / P.O. Box 2208P, Culver City, CA 90230. California resi- 
ag eda: 


a8 sas : : dents add 6% sales tax. Minimum Order; $10.00. Add 
. Includi is ; ling. 
The all-new line af ACE cluding $1.00 to cover postage and handling. Master Charge and 


Documentation Visa welcomed. Piease include your charge card number, Interbank 


eis i mber and expiration date. PHONE ORDERS (213) 641-4064 
All-Circuit Evaluators Power Supplies from ADTECH POWER deeb dvchina dehs aca 22 


WITH POWER > a SRE Vdc Amps|,2UCSON | CULVERCITY | SANTAANA | PORTLAND 


4518 E. Broadway 11080 Jefferson Bivd. 1300 E. Edinger Ave. 1125 N.E. 82nd Ave. 


1|POWERACE 102 So APS 5-3 5 3.0 | APS 5-6 5 6.0 J Tucson, Az 85711| Culver City, CA 90230 Santa Ana, CA 92705 Portiand, OR 97220 
eee HE Sint Seo Bete 923102 ee APS 1 6 12 1.6 APS 12-4 12 5.0 (602) 881-2348 (213) 390-3595 (714) 547-8424 (503) 254-5541 
5 


2-1 
Triple-output power | The general purpose | The complete digital ra APS 15-1. 15 1.5 | APS 15-3 15 3.0 CANADA, B.C. 
supply for prototyping | model for prototyping | prototyping lab with = Z APS 24-1 24 1.0 | APS 24-2.2 24 2.2 eceaCRONA crap arise ; RT LANTA BG USTON 
both linear and digital | all types of circuits. | FREE logic probe built =; 1-9 10 up 25up =—s:*1-9 10 up 25 up vangwaven ‘acnone CA 94087 jens Gate. jideeue sae Pines 
circuits. int! = $37.25 $35.55 $34.05 $59.75 $57.10 $54.65 (604) 324-0707 (408) 243-4121 (404) 261-7100 (713) 529-3489 


CIRCLE NO. 4 ON FREE INFORMATION CARD 


ORDER DESK: 800-325-0101 


IN ORDER TO SERVE YOU BETTER, WE HAVE INSTALLED NATIONAL WATS SERVICE WHICH ARE ATTENDED 
7:00 AM TO 9:00 PM (CENTRAL TIME) MONDAY THROUGH FRIDAY; AND FROM 8:00 AM TO 5:00 PM ON 
SATURDAYS. WE INVITE YOU TO CALL AND CHECK STOCK BEFORE PLACING YOUR ORDER. FOR CASH 
CUSTOMERS WE HOLD THE ORDER PENDING ARRIVAL OF CONFIRMATION AND PAYMENT. 













FREE WIRE WRAPPING GUN 


Get O.K. Model BW-630 Battery Wire Wrapping Tool described below FREE with your 
purchase of $100.00 worth of pre-cut pre-stripped wrapping wire at listed prices. Our 
standard Volume Discount Schedule is, of course, also applicable to your purchase. 
Please specify CATALOG NO. 99-00630 for your free wire wrapping tool. THIS OFFER 
EXPIRES MARCH 31, 1980. 































































































































































































































































































|7490 . . . $0.43|74196 . . $0.87|74LS114. $0.38|74S02 . . $0.35|74C42 . . $0.94/4010 .. . $0.43|4512... . $0.98 
WIRE WRAPPING smele) e. 74 7491... .0.58|74197 .. .0.87|/74LS123. .0.98|74S03 . . .0.35|74C48 .. .1.27|4011... .0.22]4516.... . 1.22 
i s 7492... .0.43|/74198 .. .1.45|74LS125. .0.48|74S04 . . .0.36|74C73 .. .0.71|4012... . .0.22]4518... . .1.13 
OKs Model OW EIT battery operated wrapping Too}, uses VECTIR's Model P180 Slit-N'Wrap hand tool uses 130°C | j4o9 | $0.15|7493 .. . .0.43|74199 . .. 1.451 74LS126. .0.48|74S05 . . .036|74C74 .. .0.48|4013 .. ..0.39|4519 _. . 0.62 
Oe eee prt eee, See, MUN fOr. aerial rated Poly Nylon wire for wrapping gastight veispe round “17401” | | 0.172494; . | .0.65|74251, . , . 1.09| 741132. 0.80 |74S09° . -. 0.381 74C76 . . 0.71 |4014 .. . .0.95/4520.. . .1.13 
es ee ee ere ete, SP aa) SI Oe 025" square posts. The tool slits the wire before wrapping | 499 | | | 9.17| 7495... .0.65| 74283 -. .220| 7418136. .0.38]74810 . . .035|74C83 _. .137}4015... .095|4527.. 167 
et tr One puist cane yalesiees: ore! and can make: “Daisy-Chain” connection, so no pre-cut of | a493 |. | .0.17|7496 . . . .0.65|74290 . . .0.89|74LS138. .0.93|74S11 . . .0.38|74C85 .. _1.37|/4016 .. . _0.39/4528.. 0.86 
ve idilee lag it cet Sebsical Precsrripping is required. It comes complete with:two 190". | 7404... .0.18| 7497 .. -.245|74203° ,...0.99|741S139. .093|74518 . . .0.38| 74C86 . 1040/4092... 1.08}e509.. 110 
CATALOG NO. 25-00630................ $34.95 pray easy poe tlhe gat ida 2 $25.00 | 7405... -0.18|74107 . . .0.29| 74298 . . .0.92]74LS151. .0.74/74S20 . . .0.35| 74C89 .. .3.95/4018.. . 1.04/4555 .. . 0.67 
SG hoses eatin a aaa ee : 7406... .0.24|74109 . . .0.32|74365 .. .0.62|74LS152. .0.74| 74822 . . .0.36| 74C90 . . .0.97|4019.. . .0.39}4556... .0.88 
Pe ee een e200. oe SONS Os. BOVE, “but-is Jar hice : : 7407... .0.24|74121 .. .0.34| 74366 . . .0.62|74LS153. .0.84|74S30 .. .0.35|74C93 .. .0.97|4020.. . .1.13|4582.. . .0.88 
Gan cosa Gaye i cinaray Viper eNOS ote) She Nake, | 7408... .0.20/74122 . . .0.39| 74367 . . .0.62| 7418154. . 1.09| 74540 . . .0.35/ 74095. 1.09|4021... .1.13|4584.. . .0.74 
PePRO2b26rg YU uioe a Oh ie e . weaning. gun 28 ae enor eels bee iene Wir, | 7409... - 0.20] 74123 .. .0.49|74368 . . .0.62|74LS155. .0.74| 74864 . . .0.38| 74C107. . .0.69| 4022... . .0.95|4702.. . .7.10 
O.K.'s Model WSU-30M Mannual wire wrapping tool is a built-in Ni-Cads Shane bait at is Nabe k Rpt atiel <A Sn SG TOUS Ss O78 LAB OS °s - S8 [E a Saee  e ee 
oe : eMealoded si aaako. 7 so9.50 | 7411... .0.20/74126 .. 0.39] FMNIRMINM | 7418157. 0.74) 74874 . . 0.58] 740154. . .2.90| 4024... .0.79|4704 .. . . 7.30 
ee eg oe tee SDS AE ae. Maire, EES + Se NRO) «ae ee ence : 7412... .0.24/74132 . . .0.65| 74LS158. .0.74|74876 . . .0.58| 74C157. ..189/4025 .. . .0.22|4705... .9.25 
Bey een Evert UNWraps -previousely Myr agped aes ; 7413... .0.25/74141 . . .0.79| 74LS00. . $0.27] 74LS160. . 1.01/74S878 . . .0.58| 74C160. . .1.17/4027... . .0.3914706... .9.75 
posts VECTOR’s Model P160-4T1 is same as above, but it pe | 
rn tid nee oe evke Scavates Whi TVOY AG ca care eae 7414... .0.70| 74145 . . .0.69| 74LS01. . .0.27| 74LS161. . 1.01| 74886 . . .0.58| 74C161. . .1.17| 4028... 0.884720... .6.95 
CATALOG Na asoEaed so9.50 | 7416 -- - -0.24| 74147 .. . 1.60] 74LS02. . . 0.27] 74LS162. . 1.01] 748112. . 0.58} 74C162. . .1.17/ 4029... .1.13]4723 . . . .0.93 
OE SESS gh ae ap ee ESE ae SS aie chy oe aioe a : 7417... .0.24/74148 .. . 1.29] 74LS03. . .0.27| 74LS163. . 1.01] 748113. . . 0.58] 74C163. . .1.17|/4030.. . .0.29|4724... . 1.29 
Se ewer et VECTOR’s Model P184 Slit-N-Wrap hand tool is the same | 2420. - - -0.19]74150 . . .0.89| 74LS04. . .0.28/74LS164. . 1.01] 748114. . .0.58| 74C164. . . 1.09 4031. . . .2.97|4725 .. . 3.95 
Sirardbs tack of sian maps: ae as Model P180 Tool described above. however, it usec | 2423--- -0-25/74151 . . 0.59] 74LS05. . 0.28] 74LS168. . 1.13|74S133. . . 0.38] 74C165: . . 1.09] 4034... . .2.75/40014 . . 0.90 
fei es ok to aed Tatil miter atime matory Tr | 423. --028/ 74162 -059/7aLsoe,- 028] raea. 1.13] 248104. oa] e178 1.29[ante -. og8|aooas «1.7 
bic pees Sirian cee ee Ae ee COAL OSSD. FOSS S80. 24> gg ee a $30.00 | 7427... .0.25|74154 .. .0.99| 74LS10. . .0.27| 7418173. . 1.33| 748140. . .0.47| 74C175. _.115|4041 _. . .0.78]40106 . . 0.90 
Connections are made by soldering with a 750°F toh: VECTOR’s Model P184-4T is a battery powered wrapping FASO 3» OR) TANS: ec, ORS PALS ES O27) IAS 124. = 1.05 | 245196. ~ 5 OCB, TRESS. 2 tes (ROR? oe ee lees 
When heat is applied, wire coating melts permitting solder gun that incorporates Model P184 ‘Slit-N-Wrap Tool for TAS? «+ > 5 Og) PANDO «2: 2 O08) AES 20... 0.27) TALS 75» O83) FASISSS TST PRN S. (a teak OOK 22 ee eee 
Gee ide eet Lk thjuccton high volume production. Complete with NicCads and | 2437 -- - -0:24|74187 . . .0.64] 74LS21. . .0.27|74LS181. .2.50| 748157. . .0.75| 74C195. . . 1.08}4044.. . 0.69] 40162... . 1.17 
Sa AL GE slo ots La hayes ‘aeloastaee cs 7438... .0.24| 74158 . . . 0.64) 74LS22. . .0.27| 74LS190. . 1.17/ 748158. . .0.75| 74200. . . 7.50} 4046 . . . . 1.79] 40163 . . 1.17 
Fae AES SE EMS ah am GAYALOGING. Si Sidon. =. 2 ee $105.00 | 7439 - - - -0.29] 74160. . 0.87) 74LS26. . .0.32| 74LS191. . 1.17| 748206. . . 3.75] 74C221. . . 1.89/4047 .. . .1.99|40174 . . 1.15 
ettteee Glee PICA pachides LAUR, iid Aleit Go 7440... .0.19| 74161 . . .0.87|74LS27. . .0.27| 74LS192. .0.97| 748258. . . 1.15] 74C901. . .0.48/ 4048... .0.95|40175 .. .1.15 
SOREN De Say arene ain te VECTOR’s Model P184-4T1 is AC powered version of | 7441 - - - -0-88/74162 . . 0.87) 74LS30. . ..0.27|74LS193. . 0.97| 748280. . . 2.25] 74C902. . .0.48/ 4049 . . . 0.39] 40192 . . . 1.37 
accessories above for non-stop continous operation. 7443. || |0.69| 74168", 0.87| 7aLS37,.. .032| 7408\96. 0.85 746300" 1eo| sacebar, meslaon of yates 
Digeekcs ESO: . . .0.87] 74LS37. . . 0.32} 74L al 4S300. . . 1.60] 74C904. . .0.59} 4051... .1.19|40194 .. .1. 
ce ee FS Aen NE Ae I 1 len epee? lee de hee tees $108.00 | 7444... .0.69| 74165 . . .0.87| 74LS38. . .0.32|74L8197. 0.85| 748305. _ _ 1.90| 74C905. . _6.00|4052.... .1.19|40195 __ . 1.08 
7445... .0.69/74166 .. .1.20|74LS40. . .0.27| 74LS221. . 1.90| 748310. . .2.85| 74C906. . 0.59: 4053... . 1.19 
PRESTRIPPED WRAPPING WIRE 7446... . .0.69|74167 .. . 1.95/74LS42.. .0.66| 74LS253. .0.99| 745312. . . 1.05| 74C907. . .0.59| 4060... . . 1.49 LINEAR 
Thad ontiy LCE AIRES thie Wiles celéctigh of ~ In order to specify the color of insulation, | 7447 - - - -0.62|74170 . . . 1.65|74LS47. . .0.78| 74LS257. . 0.74| 748316. . . 2.80] 74C908. . .1.19] 4066. . . .0.78 
pre-cut and pre-stripped AWG 30 wrapping wire please replace the “’X’’ in price table below with the 7448... .0.69| 74173 . . . 1.20} 74LS48. . .0.76| 74LS258. . 0.74] 748341. . . 4.10] 74C909. . . 1.78]4068 .. . .0.39| NE501A . $6.00 
ee : Pa ier Br eter 5 Soi tech 7450... .0.19/74174 .. .0.88/74LS51. . .0.27| 74LS266. .0.38| 748342. . . 1.20] 74C910. . .6.00|4069 .. . .0.26|SES540L . . 6.00 
available anywhere. The Kynar insulated wire has a proper color number from the following table: 7451... .0.19} 74175 .. .0.78|74LS54. . .0.27| 74LS279. . 0.58] 748343. . . 4.95} 740914. . .1.19]|4070 .. . .0.49]| NES6OB . . 2.50 
rating of 105°C and is available in ten contrasting 7453... .0.19| 74176 . . .0.78| 74LS55. . .0.27| 74LS283. .0.99| 745346. . . 1.25] 74C918. . .1.49|4071 . | . .0.22] NE561B . . 2.50 
colors for ease of tracing. There are four package BEAGK gira ce Mel 0 GREENS a eek 5 | 7454... .0.19|74177 .. .0.78] 74LS73. . .0.38|74LS290. . 0.64| 748362. . .2.15| 74C€925. . .7.80|4073 .. . .0.22| NES565A . . 1.20 
sizes, SO you may buy only the quantities that you BROWNS, Sey se 1 BLUE Yer hes 6 7459... .0.19| 74179 . . . 1.80} 74LS74. . .0.38|74LS295. . 0.99] 748387. . . 4.70] 74C926. . .7.8014075 ... .0,.22| uA709V . .0.28 
need. Each piece is stripped 1.0’ from each end and REDE eka aa 2 VIGEET 222 oe 7 | 7460... .0.19|74180 . . .0.69|74LS76. . 0.38|74LS365. .0.66 74C927. . .7.80|4076 .. . . 1.29] uA710A . . 0.29 
is packaged in an air-tight reuseable platic tube to ORANGE-: =. 3 GRAY = SPE g | 7470... .0.29]74181 .. . 1.95|74LS78. . .0.38|74LS366. . 0.66 74C928. . .7.80|4077.... .0.59] uA711A . .0.39 
preiént Kolaxosot the stripped ends VELEOM ae. 4 WHE. - se g | 7472... .0.29|74182 . . .0.78| 74LS83. . .0.78|74LS367. . 0.66 4078 .. . .0.39] uA723A . .0.49 
FATS. -- 74184 .. .1.95|74LS85. . .0.97| 74LS368. .0.66|74C00 . . $0.24 4081... .0.22| uA733A . . 0.66 
7474... .0.29|74185 .. .1.95|74LS86. . .0.38|74LS386. .0.38|74Cc02 .. 0.24 4085 .. . .0.69]uA741A . . 0.25 
INSULATED 7475... .0.48|74188 .. .3.25|74LS90. . .0.56|74LS390. .1.69|74C04 .. .0.26| 4000 .. . $0.22|4089 ... .2.75|uA748V . 0.35 
LENGTH CATALOG NO. | PRICE 7476... .0.31|74190 . . 0.95] 74LS93. . .0.56|74LS490. . 1.49/74C08 .. 0.25] 4001 .. . .0.22/4093.. ..099|NS5596A . 0.69 
0” 30-1002X $0.90]  30-1003x 30-1004x 30-1005X 7480... .0.49|74191 .. .0.95|74LS95. . .0.87}74LS670. .2.33|74C10 .. 0.24] 4002... . .0.22|4099... 2.10 
? 30-1502X 0.94 30-1503X 1.68 30-1504X | 5.04 30- 7482 .. . .0.55/ 74192 . . .0.80}74LS107. . 0.38} 74014 . . .0.90} 4006... .1.19}4503 .. . .0.98 
30-2002X 0.98 30-2003X 1.75 30-2004x | 5.25 7483... .0.59|74193 . . .0.80|74LS109. _ 0.38} 74C20 .. .0.25| 4007 . . . .0.22}4507.... .0.99 
30-2502X 1.02 30-2503X Bree Be) 30-2504X | 549 7485... .0.79| 74194 . . .0.87| 74LS112. . 0.38 | 74C30 . . .0.24) 4008 . . . .0.78}4510 ... . 1.13 
30-3002 1.05 30-3003X 1.90 30-3004X | 5.70 30-3005X 7486... .0.27|} 74195 .. .0.87|74LS113. . 0.38} 74800 . . $0.35|74C32 . . .0.25] 4009 .. . .0.43}4511.. . . 1.04 
30-3502 7.14] 30-3503 1.98]  30-3504x | 594]| 30-3505x 
30-4002xX 1.18 30-4003X 2.05 30-4004x 6.15 30-4005X VOLUME DISCOUNT SCHEDULE | STANDARD SHIPPING CHARGES INTERNATIONAL COMPONENTS 
30-4502 1.22]  30-4503x 2.13]  30-4504x 6.39}  30-4505x ehasehlssdiu asst SaRUINE Tit cha basins Sass 
30-5002X 1.25}  30-5003x 2.20]  30-5004x 6.60 |  30-5005x ieee ORS eee CORPORATION 
30-6002X 133 30-6003 X 30-6004 X 30-6005X Gt eee ; gg ea ante amtoes taths ; 
30-7002X 1. 30-7003X 30-7004X 30-7005X W993 Bie ee Pte Aa 8 io ae 
30-8002X 1.52| 30-8003x 30-8004X 7.95]  30-8005x $ 100.00-$499.99.......... .LESS 15% | $ 50.00-$99.99.............. 
30-9002xX 1.60 30-9003X 30-9004X 8.40 30-9005X $ 500.00-$999.99........... LESS 20% | $100.00 andUp........... NO CHARGE 
30-1012X 30-1013X 30-1014X 30-1015X $1000.00 and Up ............ LESS 25% | The above charges include your choice of 











P. ©. BOX 1837 
COLUMBIA, MO 65205 (314) 474-9485 


30-1512X 30-1513X 30-1514X 


30-1515 shipping in U. S. via First Class Mail or UPS. 
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28001 $195.00 16 Bit CPU with segmented address space 
- to 8 Megabytes. 
28002 $150.00 16 Bit CPU with non segmented address 
space to 64K bytes. 

Z8000DB $1500.00 A complete single board Z8000 
microcomputer system. Contains the 
Z8002 microprocessor, 16K words of 
dynamic RAM, 2K word monitor PROM, 
dual serial interfaces, four counter/timers 
and 32 programmable parallel |/O lines. 


All Products Stocked in Depth 
Largest Zilog Inventory 








Z80-CPU 2.5MHz $ 9.95 | Z80-DMA 2.5 MHz $26.85 
Z80A-CPU 4.0MHz 11.95 | Z80A-DMA 4.0MHz 33.60 


Z80-PIO 2.5MHz_ 7.20 | Z80-SIO/O 2.5MHz 36.00 
Z80A-PIO 4.0MHz 8.40 | Z80A-SIO/O 4.0 MHz 39.50 


Z80-CTC 2.5MHz 7.20 | Z80-SIO/1 2.5MHz 36.00 
Z80A-CTC 4.0MHz 8.40 | Z80A-SIO/1 4.0MHz 39.50 


Satan an Z80-SiIO/2 2.5 MHz 


METAL POWER TRANSISTORS ) Semmens 
Homotaxial — Best Quality Mos MEMORIES 


2N3054 .65 60V NPN TO-66 MOS Static RAM’s 





























MICROPROCESSOR 
CHIP SETS 
























































































































’ : 2N3055 .69 70V NPN TO-3 ; 
Part No. P Part No. P Part No. Price 
a tee 2N3442 150 160V. NPN. TO-3 ses $1.95 
8080A $5.95 6800 $6.95 6502 $9.95 2N3771 1.95 50V NPN TO-3 1K (256 x 4) 350ns 22 PIN 
: 2102LFPC 1.19 
8085 12.95 6802 11.95 6504 9.95 2N3772 1.95. 1% NPN T0-3 1K (1K x 1) Low Power 350ns 16 PIN 
2N3773 2.50 160V NPN TO-3 2102LHPC 1.29 
8212 2.95 6810 395 _______|v ys a eet. High Pertommance 250ns 16 PIN 
> ; - 2102-1PC 0.94 
8214 3.95 6820 3.95 6520 6.95 1K (1K x 1) 450ns 16 PIN 
821 6 2.95 6821 3.95 6 522 9.95 3 aracecerarerarereretatetstecetetatsteisretsisietete eis sinensis nena enema: 2102-2PC 0. 89 
1K (1K x 1) 650ns 16 PIN 
8224 3.45 6850 4.25 6532 13.95 EPROM’S 2111-25 2.25 
8226 2.25 6852 3.95 6551 13.95 1K (256 x 4) 250ns 18 PIN 
8228 4.98 C2708 $ 9.95 P2112-35 2.25 
: 1Kx8 450ns = 1K (256 x 4) 350ns 18 PIN 
8238 4.98 ™MS2716 ~~ $24.95 2114L 5.95 
















Low Power 4K (1024 x 4) 300 ns 
MOS Dynamic RAM’s 


8251 6.95 
8253 14.95 


16K (2K x 8) 450 ns 


16K MOS DYNAMIC RAM’s (16 PIN) (3 power supplies) T.!. Version 


























sane 5 75 416-5 (300ns) 9.95 C2716/TMS2516 $29.95 TMS4060-30 eae 2.95 
416-4 (250ns) 10.95 16K (2K x 8) 450 ns (4K x 1) s 
8257 10.95 (Single 5V supply — Inte! version) TMS4060-20 3.95 
416. 3 (200ns) 11.95 5 4K (4K x 1) 200ns 22 PIN 
ens 5 Me ee ene aaah 
ver pieces in Stoc : Lean ee ee eee ae AY5-1013A Pre eee TE 4.50 


0 to 40K BAUD 40 PIN 


AY3-1015 5.50 
0 to 30K BAUD 40 PIN _ Single 5V supply 








ecial of the Month 


























































b] 
LINEAR I.C.’s EPROM 1K CMOS RAM 
5101 3.95 
EySeins oA. UMPSICN: 14-7 1.28 C270 8-65/4708-6 $6.90 1K (256 x 4) 450ns 22 PIN Low Power 
LM307N-8 29. LM741CN-8 49 
LM308CH 95 LM747CN-14 59 1K (1K x 8) 650 ns 4K CMOS RAM 
ee eo 39 Ee a, Se a ae ee P4315-45L 4K (4K x 1) 450ns 18 PIN 14.95 
LM324N ‘59 TBA810DAS PP SR Rea eS 
LM339N .99 LM1458N-8 49 SHIFT REGISTERS 
LM348N-14 55 _LM1488N-14 69 1980 IC MASTER 3341PC FIFO700KHz.—~S~S 4.95 
LM358N-8 99 LM1489N-14 69 JUST RELEASED over 2700 PAGES 
LM555N-8 ‘59 LM3403N-14 99 aes 3341APC FIFO 1 MHz 5.50 
LMSS6N-14 49. LM900N 59 fF | Complete integrated circuit data selector. Master quide to the ates 3342PC. 64 Bit Shift Register 4.95 
i : .C.’s including microproces u circuits. 45, sresah 

LM723CN-14 Sami tapas stint 4 device types listed. 5,000 new device types added. Complete new 3347PC 80 Bit Shift Register 4.95 







LM725CN-8 1.25 section on MPU boards & Systems. 


seataratecetatatstotonatscecanatstecanasstccanet F re oe Q Uu a rt e r| y S500. 
SOUND & MUSIC Updates Special $59.95 


GENERATOR I.C. = 
MICROCOMPUTER BOARDS 












ECL RAM 
10410ADC/HM2106 





























Special 1.95 















SIS ISSIR RRR OS 
serenteniesnteseteeteeteeteeteneaeeareereeeeeeeeeeeeeeeeee eee ES 


































































Creates almost any type of sound, from music to L.E.D. LAMPS zs 
gunshots and explosions. High level op amp ss fea Ma : sd iets “ 
output. 28 pin DIP. Operates from one 9V battery. é = ‘ : : 
With data. : di NE C microcomputers 4° Rockwell international LER Ere SS eaier canoe iy 
#4] TK80A $299.00 AIM6S $375.00 LED220  —«-T-1% 5 mm Red rF 
Based on the 8080A the board has both 1K As a learning aid AIM65 gives you an LED222 T-1% 5 mm Green 24 
‘Lowest Price Offered RAM and 1K electrically erasable PROM assembled, tested and warranted R6502 LED224 T-1% 5 mm Yellow -16 
9 expandable to 4K x 8 and 8K x 8 on board based microcomputer system with a full sized DISPLAYS 
Anywhere Complete with keypad with 25 real keys anc Sriesebeaey iacthhe ebay de character FND357__.375". Common Cathode 1.09 
” 8 bright .500” digits for display. display and uniquely, an alphanumeric RAN" 5 
SN76477N (.600" centers) $2.49 9 20 column thermal printer. An on board FND367_ .360 aie nei 1.29 
ENeaT Ine ( s0e-cgpiers) -- SE ee een ENDO 500° Common Cathode 1.08 
. e ee ‘ as 
Bes sal ai Sevoopmentuncions. 1K HAM ENOSEE SEN, CON A ae 
SSRRRISRRIERRRE RRR ARRAG RRR RRR S raeiraroeiees 
TEXAS INSTRUMENTS a Synertek” SYM-1 $239.00 FND567 .500” Common Anode 1.29 
ree ee ; high brightness) 
Fully assembled, tested. documented and expandable. Powerful 6502 8-bit ss ( 
j 6-dioit hex LE z ibili DL704 .300" Common Cathode 1.29 
Low Profile Sockets - Se ora 2 phe Someone KIM-1 hardware compatibility. RESoe = abo Geman anda 129 
Lowest prices anywhere for the DL747 .630" Common Anode 2.29 




















































highest quality, an unbeatable combination. “ 
Over one million pieces in stock. Joe ISOLATORS 
Contacts Price Contacts Price “Se Texas Instruments TM990/189 $333.00 ILD74 Dual Opto Isolator 1500V 1.29 
UNIVERSITY MODULE ILQ74 Quad Opto isolator 1500V 3.95 
8 PIN -08 22 PIN .22 A complete learning aid that in conjunction with the Tutorial Text offers MCT6 Dual Opto Isolator 1500V se 
14 PIN 12 24 PIN .24 hands on experience with microprocessors, I/O, memory and assembly TIL111. | Opto Coupler shy e 
16 PIN 14 28 PIN 28 language programming. Offers advanced features such as 45 key 4N26 Opto Isolator 2500 . 
: : alphanumeric keyboard. a powerful instruction set, multiply and divide, 4N28 Opto Isolator S00V .59 
18 PIN 18  40PIN 40 vectored interrupts, single bit |/O manipulation parallel 1/O and 4N29 Opto Isolator 2500V ._.69 
20 PIN .20 7 addressing modes 4N32 Opto Isolator 2500V .69 


P.O. BOX 1035 FRAMINGHAM, MASSACHUSETTS 01701 


Over-the-counter sales, MINIMUM ORDER $10.00 e ADD $2.00 TO 


= 
— 12 Mercer Rd., Natick, Mass 01760 COVER POSTAGE & HANDLING 
[4 Behind Zayres on Rte. 9 a. 
Telephone Orders & Enquiries (617) 879-0077 Foreign customers please remit paymenon 


Prema Ciaathicelatelmey-lal ane le: aero) aula iaar-liceyar-l 


bd . . 
Sa postal money order in American dollars. 
qi ie ronic i CANAD™ 


5651 FERRIER ST. 4800 DUFFERIN ST. BAXTER CENTRE 3070 KINGSWAY 
MONTREAL, QUEBEC DOWNSVIEW. ONTARIO 1050 BAXTER ROAD VANCOUVER. B.C. master charge 
= Orp. H4P 2K5 KS) OTTAWA, ONTARIO V5R 5J7 F 
Tel.: (514) 731-7441 Tel: (416) 661-1115 K2C 3P2 Tel.: (604) 438-3321 Sw 
Tel.: (613) 820-9471 
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Super Color S-100 Video Kit $99.95 
Expandable to 256 x 192 high resolution color 
graphics. 6847 with all display modes computer 
controlled. Memory mapped. 1K RAM expanda- 
ble to 6K. S-100 bus 1802, 8080, 8085, 780 etc. 





NEW PRODUCTS! 





Elf I! Adapter Kit $24.50 


Plugs into Elf |! providing Super Elf 44 and 50 pin 
bus plus S-100 bus expansion (With Super Ex- 
pansion). High and low address displays, state 
and mode LED's optional $18.00. 























tory prices. 



































Same day shipment. First line parts only. 
Factory tested. Guaranteed money back. 
Quality |C’s and other components at fac- 


INTEGRATED CIRCUITS 


P.O. Box 4430C, Santa Clara, CA 95054 


Will calls: 2322 Walsh Ave. 





(408) 988-1640 


ELECTRONICS 
























































j j j : F 7400TTL LM323K-5 5.95 CD4021 1.25 
Gremlin Color Video Kit $59.95 1802 16K Dynamic RAM Kit $149.00 fi ric” ay wszoe ie 150 cua 10 ee 
: Ak, ; . : 2104A-4 4.95 Ya watt 5% 
32 x 16 alpha/numerics and graphics; up to 8 1802/S-100 expandable to 32K, Hidden refresh ae Ne stebeer a sees Coan ae BES aD 10 per type .03 1000 per type .012 
colors with 6847 chip; 1K RAM at E000. Plugs _w/clocks up to 4 MHz w/no wait states Addl. 16K came. te LM320T-12 1.50 cb4028 200 31101 3.75 nazsi26 S75. senate Ot Sper te 878 
. . . 7 -1 : : 9 ; 
into Super Elf 44 pin bus. Not expandable to high RAM $79.00. | ee eat Ae Dae 88 2114t 3000s 7-40 Ng28131 375 Ye watt 5% per type .05 
j i LM339N 1.55 CD4029 1.02 N82S136 7 KEYBOARDS 
resolution Graphics. T430N 2 LMSAOK-S 1135 CDa090 45 «B/ATI6 200n564.00  ya28137 8.75 56 key ASCII keyboard kit $67.50 
7 mt eit, 133 Shs 1% Moe Sap OM 288 Fa emo ne 
j j LM340K-12 1. : : 53 key ASCII keyboard kit t 
Quest Super Basic programs. Cassette on eae in er hac aa7n $0 LM340K-15 1 35 co4042 8 ponte ie 8/2716 intel 240.00 a plz Dg oard ki “ 0 
> : LM340K-24 1.35 4 ; Encl 14.9 
Quest, the leader in inexpensive 1802 systems Aah sori Create eo Sikes e g Beet oy UM340T-5 128 CD4044 85 MMSS30 9-8 CONNECTORS idetal Cacdosare 29.95 
announces another first. Quest is the first com- _ 2v0wing so MPN ate oe epaaes | ag PURI 25s - eee eee 
pany worldwide to ship a full size Basic for 1802 Super Basic on Cassette $40.00 74BSN 88 LMSMOT-15. 1.25 co4050 49 Evi BS 100 pin edge 4 50 pe is 
systems. A. complete function Super Basic by Tom Pittman’s 1802 Tiny Basic Source listing [SN eter es ee Conon 1 aiitek: Wako cape tien peed Veo 
with scientftc notation (number range = i7e#), Tow available. Find outhow Tom Pittman wrote Brin &)iiess”/ Ghias rhs 2 quatre Cie LE ung i 8) 
with scientific notation (number range +.17E°*), Tiny Basic and how to et the most out of it. FOR ae ey adnan oEbaatg.. © an. GlAanSO0- 10s ee See ee PRR EME 
= Saat ‘ 74100N 90 M377 3.00 CD4070 .50 8 De: 22F0 ; 
32 bit integer +2 billion; Multi dim arrays; String Never offered before. $19.00 sAOVN ay~SC*LM379.~=—=«#5 00 «C4071 S88 MCMG6751A 99 14 114 24 35 CONTINEIM. SPECIALTIES in ties 
arrays; String manipulation; Cassette 1/0, Save S-100 4-Slot Expansion $ 9.95 raion gg LMI 1.60. GbaoTs «388100 10.00 1S of 56 ag MAX-100 8 digit Freq. Ctr. $128.95 
and load, Basic, Data and machine language pro- P =e ’ LASISA AG Se 2) STS 28 20: A228. 0 SF oh ral erate SES 
grams; and over 75 Statements, Functions and Super Monitor VI.! Source Listing $15.00 raisoN. . oo LM709H ~~ '28-«cD4078 «= 'a).—CCLOCKS A ortable Multimeter 
0 f 4 : 74151N 69 ~LM723H/N 50 CD4081 28 MMS311 5.50 WIRE WRAP LEVEL3 ‘SPECIAL PRODUCTS 
perators. Coming Soon: Assembler, Editor, Disassem- 74154N 1.00. LM733N 67 cp4082 28 es eae se MM5865 Stopwatch Timer ep 
Easily adaptable on most 1802 systems. Re- bler, DA/AD, Super Sound/Music, EPROM itis mana ae (ope we se MMB3E9 2.10 ig 33 28 100 pC boed oO =o 
quires 12K RAM minimum for Basic and user programmer, Stringy Floppy Disc System. TAI62N 87 LS Fe CDT 10 ees ci dee ee ee Switches Mom. Pushbutton 27 
5 ; CT7001 5.80 é 
7ai7oN op. EMIGO 110 cOasty oe C1710. «op CAERTS © aeaden BUI S| 7 6.8 
74190N 1.15 M1305 1.27 CD4515 2.52 CT701IS 895 5 aay, 4.50 Analyzer Kit $224.00 
74192N ‘87 M1307, 2.00 CD4516 = 1.10 MMS375AA/N 3.90 4 pay, 4.25 Model 10 Trigger 
74193N 85 pee e hf we SN Sage Rd a 5 MHz 4.25 Expander Kit $229.00 
145 4 D F 10 MHz 425 Mode! 150 B 
74298N 6 “4 of ; S Sone 13 ion < = 18 MHz 3,90 ‘Grabber Kit $369.00 
74365N 66 181 20 MHz 3.90 Sinclair 3% Digit 
3.5 7209 4.95 f 
rae $8 thattt | 179 Gone 225 gotouy 375 SM, 3 Malina (sna 
rasiome (Aan 1 Bee 18 Minos 253 [eerie 45 ERM Fea 
74 3 L : 4 2.0100 MHz 1.95 30 MHz Frequenc 
raLSO2N 9e eo: 9 28 rn einer eo 2.097152 MHz 4.50 Counter Kit $47.75 
74LSO4N 35 : . 16.50 2.457 iz -TRANSFORMERS 
74LS05N. 35 +NES40OH 3.75 7410 .28 6504 >) 3.2768 MHz 450 ‘sy 300 3.25 
NESSON 1.00 74€14 210 8522 13.60 5 0688 MH 450° aa 
7aLS10N 38 NEDSSV 397402028 BBN 17-503 tps bate ¢, acges - 45 MOR ROR von fomntetyee-O 
- ‘ = 7 MHz 450 4 
TaLSiaN 110 NESGSA 1.00 74C4B 1.85 GHD 9.95 BITE Af) 120 250.ma wal pug, 295 
7aL$20N 35 NESerV 100 race ia 80808 gas 1431818 MHz 4.25 ay cy 0m 335 
74LS22N 35 : : 7 18.432 MHz 4.50 2 it pl 4.85 
NE570B 5.00 74C90 «= 1.15 8085 27.00 Mie: 40° eee 
a 7aLS30n 35 78LOS 8074003 4p OR THD FTIS MH $50 sayg amp” 12.95 
Flan As raMOS 8 r4C160 ; a4 Z80A 19.75 poy ean 12V 1 amp wall plug 6.50 
74 N s ¥ : = 12V 3 am 8.50 
ee 74LS74N 1.25 75108 1.75 740175 1.35 8212 2.90 Ave 9600 1795 12V.3 amp 
; - 8214 8.00 10/15 VAC 8/16 VA wall plug 9.75 
= oS a xs ete in reAgEN 25 raG221 00 8216 2.90 ae Y - DISPLAY LEDS 
: 74LS93N 70 75494CN 89 ewe 8 on 2-30 7ac922 5.50 MAN! Oe 195. 38 
74LS95N 1.10 4 . 74C923 5.50 MAN3 
8251 8.50 ; 
i Hie Eng come HS 1B Sag ks EB Mion wk 
Compare features before you decide to buy any A 24 key HEX keyboard includes 16 HEX keys 7TaLS113N 135 8700G) 13.95 74923 5.508255 1325 D Connectors RS232 DL707/DL707R CA .300 1.00 
other computer. There is no other computer on plus load, reset, run, wait, input, memory pro- TaLSt3eN 48 Groom fase races «© G95 8259 «19.50 DBRSP 206 TaTIFSO. . CAKE ee LBs 
the market today that has all the desirable bene- tect, monitor select and single step. Large, on 7ALSISN 85 D130, 9.95 740927 6.95 Tp Dies. 17.98 Cover 1-50 01750, CC 800 1.95 
fits of the Super Elf for so little money. The Super board displays provide output and optional high 7ALS1S7N BS ICeAN” g'ay__ INTERFACE 1861P_ 11.50. R523? Complete Set 6.50 AD500/S07. _CC/CA 1500 1.35 
74LS162N 1.15 ICL7107 14.25 8095 65 CDP1802CD 19.95 p 10 —ND503/510 CC/CA .500 90 
Elf is a small single board computer that does and low address. There is a 44 pin standard cDP18020 25.00 DAIS 2. ; 300 2 
= P : ‘ 74LS163N 1.15 8096 65 CDP 1861 12.95 DA15SS 3.10 - FND800/807 CC/CA .800 2.20 
many big things. It is an excellent computer for connector slot for PC cards and a 50 pin connec- 74LS174N 2.00 CMOS 8097 65 ae et 3 digit Bubble 60 
ee . : ee ‘ 74LS190N 1.06 CD34001 Fair..50 8098 65 YaRT/FIFO Hickok 3% Digit LED 4 digit Bubble 80 
training and for learning programming with its tor slot for the Quest Super Expansion Board. 74L8221N 1.95  CD4000 16. 6100 125 avs-1013 5.50 multimeter 69.95 G8 Fluorescent fe: 
machine language and yet it is easily expanded Power supply and sockets for all IC’s are in- PaERSEyN 108 Oe ae a aloo AO ee aera oe ate end eee 100 
with additional memory, Full Basic, ASCII cludedinthe price plus a detailed 127 pg. instruc- eis Ge Sie ses sw eae wet a Cheap check mit OM Sao TS 
Keyboards, video character generation, etc. _ tion manual which now includes over 40 pgs. of CA3045 90 CD4008 2 8124 3.50 17024 3.95 nse ring except LST! Hex sc 
ro . ° ° . 4 n c+ 4G ude ft e ; : 
Before you buy another small computer, see if it software info. including a series of lessons to Shon: 4 ge eee ae e121 69 ae er ane case. 2-PC boards 6-50” MAnNab{O a Boat 
j : : j : LED Di 4c 
includes the following features: ROM monitor; help get you started and a music program and Bie? ae ee ae oar tree Sen 24.50 Epp DSPays, S314 clock MAN4E40 cc 40 1.20 
3 : : 2716 Intel 34.95 © ae ssabeey 
State and Mode displays; Single step; Optional graphics target game. Many schools and LSU Si SOONG ae oP 1.69 8/2716 Intel 240.00 cietteny. Grune: eli 6 80120 
address displays; Power Supply; Audio Amplifier universities are using the Super Elf as a course LM307N 35 CD4015.~—«1.00:-MOS/MEMORY = soe fo plays also mal. Geet MAN6710 CA 60 139 
and Speaker; Fully socketed for all IC's; Real cost of study. OEM's use it for training and R&D. Cee cee Cenene Se Daan: 8741A 85.00 oniy $21.95 Case $11.75  MAN6740 . : 
4 y LM309K 1.50 co4017 1 05 2101 3.95 8748 75.00 ane ye 
3 1 4 5 H / i : 
of in warranty repairs; Full documentation. Remember, other computers only a Elf [MSI7VK 375 GDaDtS 45 2102AL-4 1.25 eyecy’ Dt tee Pee kaa ee 8.95 
; . z iti LM318 = 1.35. «-CD4020. «= 1.02 2102AN-2L 1.60 Ngaso Motherb $39.00 MA1012A 8.95 
The Super Elf includes a ROM monitor for pre features at additional cost or not at all. ve id LM320K-5 1.50 2102-1 4.18 NB28123 3 30 Esender Seid $8.99 102P3 transformer 2.25 





gram loading, editing and execution with SINGLE 
STEP for program debugging which is not in- 
cluded in others at the same price. With SINGLE 
STEP you can see the microprocessor chip opera- 
ting with the unique Quest address and data bus 
displays before, during and after executing in- 
structions. Also, CPU mode and instruction cycle 
are decoded and displayed on 8 LED indicators. 


An RCA 1861 video graphics chip allows you to 
connect to your own TV with an inexpensive video 
modulator to do graphics and games. There is a 
speaker system included for writing your own 
music or using many music programs already 
written. The speaker amplifier may also be used 
to drive relays for control purposes. 


This is truly an astounding value! This board has 
been designed to allow you to decide how you 
want it optioned. The Super Expansion Board 
comes with 4K of low power RAM fully address- 


2716) and is fully socketed. EPROM can be used 
for the monitor and Tiny Basic or other purposes. 


A IK Super ROM Monitor $19.95 is available as 
an on board option in 2706 EPROM which has 
been preprogrammed with a program loader/ 
editor and error checking multi file cassette 
read/write software, (relocatible cassette file) 
another exclusive from Quest. It includes register 
Save and readout, block move capability and 
video graphics driver with blinking cursor. Break 
points can be used with the register save feature 
to isolate program bugs quickly, then follow with 
single step. The Super Monitor is written with 





before you buy. Super Elf Kit $106.95, High 
address option $8.95, Low address option 
$9.95. Custom Cabinet with drilled and labelled 
plexiglass front pane! $24.95. Expansion Cabinet 
with room for 4 S-100 boards $41.00. NiCad 
Battery Memory Saver Kit $6.95. All kits and 
options also completely assembled and tested. 
Questdata, a 12 page monthly software pub- 
lication for 1802 computer users is available by 
subscription for $12.00 per year. Issues 1-12 
bound $16.50. 

Tiny Basic Cassette $10.00, on ROM $38.00, 
Original Elf kit board $14.95. 1802 software; 
Moews Video Graphics $3.50. Games and Music 
$3.00, Chip 8 Interpreter $5.50. 


Super Expansion Board with Cassette Interface $89.95 


Subroutines allowing users to take advantage of 
monitor functions simply by calling them up. 
Improvements and revisions are easily done with 
the monitor. If you have the Super Expansion 


teletype or other device are on board and if you 
need more memory there are two §-100 slots for 
static RAM or video boards. Also a 1K Super 


Monitor version 2 with video driver for full capa- 


bility display with Tiny Basic and a video interface 
board. Parallel 1/0 Ports $9.85, RS 232 $4.50, 
TTY 20 ma I/F $1.95, S-100 $4.50. A 50 pin 
connector set with ribbon cable is available at 
$15.25 for easy connection between the Super 
Elf and the Super Expansion Board. 


Power Supply Kit for the complete system (see 
Multi-volt Power Supply below). 


TERMS: $5.00 min. order U.S. Funds. Calif residents add 6% tax. 
BankAmericard and Master Charge accepted. 
Shipping charges will be added on charge cards. 


102 


ssi 






















supply, cabinet $599.00 







connectors $22.95. 






































parts and instructions. 
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ROCKWELL AIM 65 Computer 
6502 based single board with full ASCII keyboard 
and 20 column thermal printer. 20 char. alphanu- 
meric display, ROM monitor, fully expandable. 
$375.00. 4K version $450.00. 4K Assembler 
$85.00, 8K Basic Interpreter $100.00. 

Special small power supply for AIM65 assem. in 
frame $49.00. Complete AIM65 in thin briefcase 
with power supply $485.00. Molded plastic 
enclosure to fit AIM65 plus power supply $47.50. 
Special Package Price: 4K AIM, 8K Basic, power 


AIM65/KIM/VIM/Super Elf 44 pin expansion 
board; 3 female and 1 male bus. Board plus 3 


AIM65/KIM/VIM I/O Expansion Kit; 4 parallel and 
2 serial ports plus 2 internal timers $39.00. PROM 
programmer for 2716 $150.00. 


PROM Eraser will erase 25 PROMs in 
15 minutes. Ultraviolet, assembled $37.50 
Safety switch/Timer version 












$69.50 
60 Hz Crystal Time Base Kit $4.40 


Converts digital clocks from AC line frequency 
to crystal time base. Outstanding accuracy. 


NiCad Battery Fixer/Charger Kit 
Opens shorted cells that won't hold a charge 
and then charges them up, all in one kit w/full 










































































$7.25 





Video Interface Kit ’ 
Video Modulator Kit 


Convert TV set into a high quality monitor w/o 
affecting usage. Comp. kit w/full instruc. 


Digital Temp. Meter Kit $34.00 
Indoor and outdoor. Switches back and forth. 
Beautiful. 50” LED readouts. Nothing like it 
available. Needs no additional parts for com- 
plete, full operation. Will measure — 100° to 
+200°F, tenths of a degree, air or liquid. 
Beautifu: woodgrain case w/bezel 


LRC 7000+ Printer $389.00 
40/64 column dot matrix impact, std. paper. 
Interface all personal computers. 


Televideo Terminal $845.00 
102 key, upper, lowercase, 10 Baud rates 24 x 80 
char. microprocessor cont. edit. cap. 


Intertube Il Terminal $874.00 


Super Brain 
Floppy Disk Terminal $2895.00 


79 IC Update Master Manual $29.95 
Complete IC data selector, 2500 pg. master refer- 
ence guide. Over 50,000 cross references. Free 
update service through 1979. Domestic postage 
$3.50. No foreign orders. 


S-100 Computer Boards 





able anywhere in 64K with built-in memory pro- Board and Super Monitor the monitor is up and Multi-volt Computer Power Supply tap errs fee * yee 
tect and a cassette interface. Provisions have running at the push of a button. 4 ) an a 8v .5 ae OV A EO 24K Static RAM Kit 493 00 
been made for all other options on the same Other on board options include Parallel Input are regulated. Kit $29.95 Ki ea frame (32K Static RAM Kit 475.00 
board and it fits neatly into the hardwood cabinet and Output Ports with full handshake. They $37.45. $4 00 a oie Kit wf haniwire $74 00 16K Dynamic RAM Kit 199.00 
FOr a te BR a ME a peoatd includes slots allow easy connection of an ASCII Keyboardtothe iM t-4 rain case $10.00, $1.50 shining. 32K Dynamic RAM Kit 310.00 
for up to 6K of EPROM (2708, 2758, 2716 or Tl input port. RS 232 and 20 ma Current Loop for 9 ee ee 64K Dynamic RAM Kit 470.00 
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FREE: Send for your copy of our NEW 1980 
QUEST CATALOG. Inciude 28¢ stamp. 
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PE4803 


NAME | 

COMPANY NAME [if applicable) 

ADDRESS 

i 6 oe =: | ene | 


(Zip Code must be included to insure delivery.) (Void after June 30, 1980) 
Do you work in the electronics industry? 


a. (] Yes b. LJ No 
Have you changed jobs during the last 12 months? 
a. Yes b. L) No 


4] Please send me 12 issues of Popular Electronics for $9.97 and bill me. 
(Basic subscription price $14.00) ; 

Ty 2 3 4 5 6 7-8 98 -W 11 > T2 = 343 +4 WD 
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31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 
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61 62 63 64 65 66 67 68 69 70 71 72 73 74 75. 
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 
106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 
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one, two, three. And ab- 
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utely free. PE4802 
NAME 
Print or type your COMPANY NAME «it applicable) 
name and address on ADDRESS 
the attached, card. CITY STATE zip 


Use only one card (Zip Code must be included to insure delivery.) (Void after June 30, 1980) 


2r person. Do you work in the electronics industry? 


: a.) Yes b. LD) No 
Circle the number(s) Have you changed jobs during the last 12 months? 
a.O) Yes b. LJ No 


on the card that cor- 
respond to the num- 
ber(s) at the bottom 
the advertisement or arti- 
2 for which you want more 
ormation. _ 

ey numbers for advertised 
oducts also appear in the 
dvertisers’ Index.) — 


4( Please send me 12 issues of Popular Electronics for $9.97 and bill me. 
(Basic subscription price $14.00) 


USE ONLY ONE CARD PERPERSON | 
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‘Simply mail the card, 
C and the literature 

will be mailed to you 
free of charge from 
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he manufacturer. COMPANY NAME (if applicable) —_______HoO#_—_——_ 
ADDRESS 
Crt 2 a TATE 


(Zip Code must be included to insure delivery.) (Void after June 30, 1980) 
Do you work in the electronics industry? | 


“REE 
NFORMATION: 


his address is for our product Free a. L) Yes b. LJ No 
formation Service only. Editorial in- Have you changed jobs during the last 12 months? 
Witatevmes avelel ie ta oisure liasven (sie incom ©) 10) saa. d. C) Yes b. C) No 


LECTRONICS, One Park Avenue, 
ew York, N.Y. 10016. 


4 Please send me 12 issues of Popular Electronics for $9.97 and bill me. 
(Basic subscription price $14.00) 
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Popular Electronics 


P.O. Box 2905 
Clinton, lowa 52735 


ULAR ELECTRONICS. Reprints of selected arti 
and test reports are now available in the event 
you missed some you would like to have for refer 
or study purposes—or for projects Ene wish to buil 
Reprints are only $2 each, $1 for those marked 
asterisk. Minimum order is $5. 


| ‘TEST REPORTS 
AUDIO ioe 


40871 ADC Accutrac 4000 Record Player ; 
40874* MXR Stereo Graphic Equalizer 
40875* Nakamichi Mode! 500 Stereo Cassette Deck 

40878* Pickering Model XV-15/625E Stereo Phono Cartridgt 
40879 Pioneer Model CT-F8282 Stereo Cassette Deck | 
40886* Stanton Mode! 681EEE Stereo Phono Cartridge 
40887 Teac Model PC-10 Portable Stereo Cassette Deck 
40889* Thorens Model TD-126C Record Player 

40969* Akai Mode! GX-270D-SS Four-Channel Tape Record 
40970 Speakeriab Model S7 Speaker System Kit 
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No postage 
necessary 


40972* Dual Modei 1245 Automatic Turntable 
40973* Burwen Model DNF 1201A Noise Reducer System | 
41105 Yamaha Model CR 2020 AM/Stereo FM Receiver 
41106* Optonica Model RT-3535 Stereo Cassette Deck 
41107* dbx Model 128 Dynamic Range Enhancer 

41108* Garrard Model GT25 Automatic Record Player 
41109* Sansui Mode! AU-717 integrated Amplifier 
41110 Sherwood Micro/CPU 100 FM Tuner | 


if mailed 
InN the. 
United States 


41111* Sony Model PS-X5 Turntable 
41112* JVC Model P-3030 Stereo Preamplifier 
41113* Dahiquist Model DQ-1W Low-Bass Module 
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{COMMUNICATIONS 
40890°* Cobra Model 29XLR 40-Ch. AM CB Mobile 

& Transceiver 

§ —40891* Drake Mode! SSR-1 AM/SSB Communications | 

i] Receiver 

§ —40892* Kenwood Model TS-820 Amateur Radio Transceiver | 

§ —40893* Kris Model XL-50 40-Ch. AM CB Mobile Transceiver 

§ — 40894* President Model “Washington” 40-Ch. 

i AM/SSB CB Base Station 

8 40895 Yaesu Model FRG-7 AM/SSB Communications 

i Receiver 
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Popular Electronics 


P.O.Box 2305 
Clinton, lowa 52735 


4097 1* General Electric Model 3-5825 AM/SSB CB 
Transceiver 

40974* Realistic Model TRC-449 Mobile AM/SSB CB 
Transceiver 

41114 Ten-Tec Century/21 Ham Transceiver 


TEST INSTRUMENTS 

40928* B&K-Precision Mode! 280 Digital Multimeter 

40929* B&K-Precision Model 1471B Dual-Trace Scope 

40930* Ballantine Model 1010A Dual-Trace Scope 

40931* Fluke Model 8020A Digital Multimeter 

40932* Hewlett-Packard Modei 280 Digital Multimeter 

40933* Sencore Model DVM-32 Digital Multimeter 

40934* Sencore Model TF-70 Portable Transistor Tester 

40935* Triplet Model 60 Analog Multimeter 

‘41115 B&K Precision Model 1820 Universal Frequency 
Counter 


SPECIAL ARTICLES 


40854 How The New FTC Hi-Fi Rules Affect You | 
40855 How To Evaluate Tape Recording Specs 
40856 A New Standard For FM Tuner Measurements 
40964 Build The Hi-Fi/TV Audio Minder 

41097 Upgrading Your Old Stereo FM Tuner System & 
: Expanders 
41098 Build An Audio Compander 
41099 How FM Tuners Work, Part | 
41100* How FM Tuners Work, Part Il | 
40860 How To Select A Microcomputer 

40861 Ins & Outs Of Computers For Beginners 


“REPRINTS ARE $2 EACH; $1 FOR THOSE 
MARKED WITH ASTERISK. MINIMUM ORDER $5.00 
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' HERE’S HOW TO ORDER 

f Mail your order along with your name, ad- 
; dress, and remittance in the amount of $2 
g for each reprint; $1 for reprints marked with 
§ an asterisk. Residents of CA,CO, DC, FL, IL, 
— Mi, MO, NY STATE, and VT add applicable. 
- sales tax. 
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POSTAGE WILL BE PAID BY 


Popular Electronics 


P.O.Box 2905 
Clinton, lowa 52735 


Please be sure you identify reprints being 
ordered by the appropriate #'’s shown above. 


OUTSIDE U.S.A. ADD $2 PER ORDER. 
MINIMUM ORDER $5 


ORDER FROM: POPULAR ELECTRONICS — 
REPRINTS, P.O. Box 278, Pratt Station, 
Brooklyn, N.Y. 11205. 
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Op eration Assist 


pe need information on outdated or rare 
SO thas schematic, parts list, etc.—another reader 
might be able to assist. Simply send a postcard to Opera- 
tion Assist, POPULAR ELECTRONICS, 7 Park Ave., New York, 
NY 10016. For those who can help readers, please re- 
spond directly to them. They'l/ appreciate it. (Only those 
items regarding equipment not available from normal 
sources are published.) 
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lallicrafters SX 110 amateur band receiver. Need operation and alignment manual. Carroll 
V. Moore, 818 Ash St., Poplar Bluff, MO 63901. 


leathkit model OP-1 oscilloscope. Need operating manual and calibration data. Franklin P. 
3ull, Rt. 1, Box 165, East Jordan, Mi 49727. 


Srosley model 9-419M-1LD TV and model T-3R3 radio. Need schematics and parts list. 
Zaymond Friend, 236 W. Pearl St., Butler, PA 16001. 


Rauland model W-861 audio power amplifier. Need schematic and parts list. Neville Mair, 
’41£E. 213 St., Apt. #1, Bronx, NY 10467. 


.amda model LYD-5-062 power supply. Need operating instructions. R. Davy, 7816 No. 47th 
Ave., Glendale, AZ 85301. 


30zen model DB-230 amplifier. Need schematic and operation manual. P. Terezakis, Box 
340, New York, NY 10036. 


Marconiphone model T26AG radio and Seeburg model 3W-1 wall box jukebox. Need 
service manuals and schematics. Edward H. Joseph, 20701. Reef Lane, Huntington 
Beach, CA 92646. 


Solar Manufacturing Corp., models CE and CB- 1-60 testers. Need schematics and user 
information. Jeff Lucas, 2253 Coral Sea Dr., Youngstown, OH 44511. 


Motorola model 40-200 AM CB transceiver. Need operation manual, owner’s manual, 
and diagram circuits. Teguh Baktiardi, Jalan Tamblong No. 5, Bandung, Indonesia. 


Harman-Kardon model 820 FM stereo receiver. Need manual, schematics and any other 
information. Michael Holman, 6825 W. 16 Dr., Hialeah, FL 33014. 


Teac model A- 1500 recorder. Need schematic and operation manual. William J. Crevola, 
304 Beaumont Drive, Vista, CA 92083. 


Baker Audio Associates, model TF-2220 AM/FM receiver. Need schematics and any 
information available. David Woodward, 3-B Township Dr., Oakwood, GA 30566. 


Sears Silvertone mode! 101.835 shortwave radio. Need schematic and alignment 
information. Mike Piper, 6132 Holland St., Arvada, CO 80004. 


Sanyo model #34401 stereo reel-to-reel tape recorder. Need owner’s manual and/or 
schematic. W. Erwin, 760 Brentwood Dr., Reno, NV 89502. 


Knight model KG-200 dc oscilloscope. Need schematic and owner's manual. Nguyen D. 
Hoan, 6021 Factor Ave., Azusa, CA 91702. 


Contex model 6706, 25-40-MHz linear amplifier. Need parts list and schematic. Robert 
Sweerus, 251 McCosh Road, Upper Montclair, NJ 07043. 


Heathkit IM12 harmonic distortion meter. Need schematic and manual. Ernest Koender- 
ink, 9 Begonia Straat, 2565 SP, The Hague, Netherlands. 


General Radio Co., model 650A impedance bridge. Need operation manual and sche- 
matic. James B. Powell, 300 Cellier Blvd., Napa, CA 94558. 


Winston Electronic Inc., model 820 dynamic sweep circuit analyzer. Need operation 
manual and schematic. Luther Mayberry, 3112 5th St., Union Gap. WA 98903. 


Calibration Standards Corp., mode! DC-200B precision dc voltmeter. Need manual and/or 
schematic. José E. Cordero, Box 4522, San Juan, PR 00936. 


General Electric mode! 4ST2A02 oscilloscope. Need operating manual and schematic. 
Doug McDermott, 24 Tuxedo Tir. Pk., Rome, NY 13440. 


Johnson Viking Valiant-| transmitter kit. Need assembly instructions. John S. Anderson, 
4267 Coronado Ave., San Diego, CA 92107. 


Eico model 425 oscilloscope, RCA WV-97A Senior Voltohymyst and Hallicrafters S120 
receiver. Need schematics and/or operating instructions. Kenneth W. Hillis, BTC K-9, 
Eielson AFB, AK 99702. 


Knight KG-50 AM-FM stereo tuner and KG-250 stereo amplifier. Need schematic, alignment 
and service manuals. Gregory P. Widin, 1644 Eldridge Ave. W., St. Paul, MN 55113. 


Dumont mode! 185-A electronic switch. Need schematic and operation manual. Solar model 
CB-1 capacitor analyzer. Schematic needed. Mark D. Pickerill, 80 Desmond Rd., Salinas, CA 
93907. 


Symphonic model 235001 AM/FM stereo. Need schematic and part number of replacement 
PWR transformer. Leon Weston, Box 13, Winthrop, ME 04364. 


Craig Corp., model 6403 video tape recorder. Need service manual and schematic. Fred W. 
Keylor, Box 400, 1250 Turner St., Auburn, ME 04210. 


Knight KG-790 AM/FM tuner, JVC model CHR-250 UB 8-track recorder, Dual/BSR model 
1219 turntable. Need service/maintenance manuals. Charles T. Huth, 146 Schonardt St., 
Tiffin, OH 44883. 
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Buyers Worldwide Are Clamoring For Our 


1¢ MORE GETS U 2 


40-TWO WATT RESISTORS, carbo-films, carbons, some 5%ers, (#456) ..... 1.29 80 for 1.30 
50-TERMINAL STRIPS, asst’d solder and screw types, 2 lugs & up, (#334) ... 1.29 100 for 1.30 
1-WATCH GUTS, LED, who knows how good, micro-digita a bonanza, (#5115) 1.29 2 for 1.30 
10-1000V 1A RECTIFIERS, 1N4007, epoxy case, axial leads, (#5926) ........ 1.29 20 for 1.30 
6-25 WATT PLASTIC POWER, 2N6100 series, TO-220, 200bvcbo, 3A, (#1786) 1.29 12 for 1.30 
4-CALCULATOR AC JACKS, 3 terminals, takes mini plug, (#2316) ......... 1.29 8 for 1.30 
65-PRE-FORM % WATTERS, popular values, for PC appl. (#2444) ......... 1.29 130 for 1.30 
40-LOW NOISE RESISTORS, 1/8 & 1/2 W, oxide & magnetic film, (#220) ... 1.29 80 for 1.30 
40pc-SEMI-CON SURPRISE, asst. zeners, diodes, etc. untested, (#2226) ... 1.29 80 for 1.30 
20-TRANSISTOR ELECTROLYTICS, asst. voltages from 5-100 mfd, (#453) .. 1.29 40 for 1.30 
1-LASCR OPTO COUPLER, type H11C3, mini dip, (#5700) ................ 1.29 2 for 1.30 
10-UPRIGHT ELECTROS, 100% asst’d values and voltages, (#5900) .......... 1.29 20 for 1.30 
2-GE 3W AUDIO AMP, type PA-263 IC chip, mono, (#1522) ............... 1.29 4 tor 1.30 
1-MERCURY TILT SWITCH, N.C. rated 24VDC © .05A, w/leads, (#5686) ... 1.29 2 for 1.30 
50-CAP SPECIAL, asst. values in mylar, mica, ceramic, disc, etc. (#3775) ... 1.29 100 for 1.30 
40-FEEDTHRU CAPACITORS, used for hams, RF, UHF circuitry, (-5668).... 1.29 80 for 1.30 
40-PLASTIC TRANSISTORS. asst’d untested and hobby, (#2604A) .......... 1.29 80 for 1.30 
2-6-CELL BATTERY HOLDER, 9V, for AA size cells, with 9V clip (#6365) ... 1.29 4 for 1.30 
4-12 VOLT LAMPS, w/leads, popular voltage, 100’s of uses, (#5942) ........ 1.29 8 for 1.30 
1-12 VDC SOLENOID, similar to Guardian 16-P, w/plunger, *”’ stroke, (#6013) 1.29 2 for 1.30 
10-AXiAL ELECTROS, assorted values and capacitance, (#5901) 20 for 1.30 
10-POWER TAB TRANSISTORS, NPN, plastic, TO-220, (#5629) 20 for 1.30 
6-PRECISION TRIM POTS, asst’d singles and multi-turns, untested, (#3389) . 1.29 12 for 1.30 
20-1N4148, 4 NANO, SWITCHING DIODE, axial leads 10mA, 100% ,(#3000) 1.29 40 for 1.30 
10-ASSORTED IC SOCKETS, 24, 28, & 40 pin sockets on G-10 board, (#6357) ‘ se 20 for 1.30 
4-PUSHBUTTON ALARM SWITCH, 125 VAC 1A SPST, NC, (#5289) ........ 8 for 1.30 
6-CABLE & PLUG SET, 2 cond. 2.5mm mini plug w/6'polarized cable; (#5737) ‘ oH 12 for 1.30 
10-RESISTOR NETWORKS, assorted values in dips and singles, (#5699) .... 1.29 20 for 1.30 

5-ASSORTED EDGE CONNECTORS, mixed 4 & 6 pin, double-sided, (#6362) 1.29 10 for 1.30 


ern GAIN ONE prereset 


Take one hand command of your mobile or base rig 
$14.99 


with Hy-Gain’s One Arm Bandit Mike. ON/OFF, 
2 FOR $15 


ey 


ee 


pun ki amir ths IRR i a 


VOLUME, SQUELCH, CHANNEL SELECTOR, 
SPEAKER, and DIGITAL DISPLAY are all conve- 
niently located where your fingers do the talking. 
Comes with 6 ft. multi-conductor, tolor-coded, coiled 
cable, (separate) for easy integration into any type of 
rig. Size: 4'2" x 2%" x 1'4”. Wt. 9 oz. No. 9S2CUS886 


2-DOUBLE-SIDED PC BOARDS, 3’’x12”’ high quality G-10 glass, (#5694) .... 1.29 4 for 1.30 
60-TUBULAR CAPACITORS, asst’d 100mm to .1mf to 600 WVDC, (#35A219) 1.29 120 for 1.30 
6-MICRO MINI REED SWITCHES, 1” long, for alarms, relays, etc., (#1258) .. 1.29 12 for 1.30 
10-TANTALUM ELECTROS, asst’d mini, axial, hermetically sealed, (#5848) .. 1.29 20 for 1.30 
50-DISC TYPE CAPS, incl; NPO, hi-Q, mylar, ceramics, asst’d values, (#437) 1.29 100 for 1.30 
60-COILS & CHOKES, asst’d RF, OSC, IF, parasitic types, (#35A297) ....... 1.29 120 for 1.30 
6-SWITCHCRAFT PHONO JACKS, hi-Q, chasis mount, teflon base, (#5119) . 1.29 12 for 1.30 
30-SUBMINI IF TRANSFORMERS, asst. slug tuned, shielded, (#35A9) ....... 1.29 60 for 1.30 
40-ADJUSTABLE FERRITE CORES, center cut for hex adjust, (#5701) ........ 1.29 80 for 1.30 
10-PC TRIMPOTS, screwdriver adjust, assorted values, (#3346) ............ 1.29 20 for 1.30 
25-4” CABLE TIES, plastic, like Ty-wrap style, (#5217) .................... 1.29 50 for 1.30 
5-CRYSTALS, may include; CB, ham various shapes and sizes, (#5716) ...... 1.29 10 for 1.30 
3-MICRO SWITCHES, SPST, NO contacts, plunger style, solder tabs, (#5785) | 1.29 6 for 1.30 
65-MOLEX SOCKETS, “‘on-a-strip’, for 8- 40 pin iCs (#1609).......... 1.29 130 for 1.30 
6-PAIRS 9V BATTERY CLIPS, w/red & black color-coded leads, (#2852) .... 1.29 12 for 1.30 
6-LM340T VOLTAGE REGULATORS, 5 to 24 volts, TO-220, (#5897) ........ 1.29 12 for 1.30 
40-POLYSTYRENE CAPACITORS, asst’d values and voltages, (#1052) ....... 1.29 80 for 1.30 
15-THERMISTORS, resistors that change with the temperature, (#2048) ..... 1.29 30 for 1.30 
65-% WATT RESISTORS, asst’d values, metal film, marked, (#5797) ........ 1.29 130 for 1.30 
10-MODULAR SWITCHES, Centralab ‘‘push-on’’ type, up to 4PDT, (#3150) . 1.29 20 for 1.30 
5-“MOTORS MOTORS”, small, high speed, asst’d sizes, 3-6VDC, (#2551) .. 1.29 10 for 1.30 
50-MICAS asst. sizes-n-shapes, incl. ‘‘silvers’’ too! (#373) .............000- 1.29 100 for 1.30 
10-TRANSISTOR SOCKETS, for npn and pnp types, (#3845) ............... 1.29 20 for 1.30 
4-HOBBY VOLTAGE REGULATORS, LM-309, 320, 340’s, TO-3, (#3330A) .... 1.29 8 for 1.30 
12-PANEL SWITCHES, assorted slides, rotaries, modulars, etc. (#295) ....... 1.29 24 for 1.30 
60-RESISTOR SPECIAL, % to 1 watt, carbons, carbo-films, etc. (#35B96) . 1.29 120 for 1.30 
65-HALF WATT RESISTORS, asstd. carbons, carbo-films, various values, (#454) 1.29 130 for 1.30 
15-HUMBUCKER CONTROLS. assorted values. manufacturers dump, (#3807) 1:29 30 for 1.30 
1-POWER TAB TRIAC . 100% porime, 400V 10A TO-220, (#6216) Tye ohare 1.2 








DIGITAL CLOCK 


@ 115 VAC Operation 
@ Built-In Alarm Function With 


24 Hour Dial Indicator 
© *%"' High White Numerals 


Cat. No. 
92CU6336 





50-PRECISION RESISTORS, 12, 1, & 2 watts. 1%, assorted types, (#363) ..... 1.29 100 for 1.30" 
60-CERAMIC CAPS, asst’d val. & styles, incl; tubulars, NPO’s, etc., (#590) .. 1.29 120 for 1.30 
30-MOLEX CONNECTORS, nylon, asst'd styles, colors, & # of cond. (#5835) 1.29 60 for 1.30 


4-ROCKER SWITCHES, DPDT, solder eyelet terminals, (#3302) ............ 1.29 B for 1.30 
1-RELAY, BABCOCK 6VDC, SPST, plastic case (#5807) ................... 1.29 2 for 1.30 
4-THERMAL FUSES, epoxy sealed, metal clad, break at 257 F, axial (#6367) ..1.29 8 for 1.30 
50-1N4000 RECTIFIERS, epoxy, axial leads, untested, (HIS9A) oo See stad 1.29 100 for 1.30 
30pc.-HEAT SHRINK, Thermo-fit, shrinks 50% (#5248) .. 1.29 60 for 1.30 
10-SLIDE SWITCHES, SPST, SPDT, etc. all shapes and sizes, (#5927) ....... 1.29 20 for 1.30 
25-DTL’s, 100% prime, asst’d flip flops, etc., marked, (#3709) ............. 1.29 50 for 1.30 
10-MAN-3’s, 7 segment, w/bubble magnifier, 100% material, (#3842) ....... 1.29 20 for 1.30 
4-PL-259 COAX PLUG, mates to SO-239, Amphenol, (#5221) .............. 1.29 8 for 1.30 
1-LITE SENSITIVE UNIJUNCTION TRANSISTOR, programmable, (#5719) .... 1.29 2 for 1.30 


100-PRE-FORMED ‘2 WATTERS, popular values, some 5 & 10 “cers, (#1060) 1.29 200 for 1.30 


4-PHOTO ELECTRIC DARLINGTON TRANSISTORS, (#3276) .....%. 1.29 8 for 1.30 
40-POWER RESISTORS, assorted types, includes 2 to 10 watters, (#228) .... 1.29 80 for 1.30 
15-NE-2 LAMPS, neon red, for 110VAC, less resistor, (#1435) .............. 1.29 30 for 1.30 


30-‘‘CRIMP-ON”’ TERMINALS, rings and spades, for # 12-20 wire, (#3955) .. 1.29 60 for 1.30 
50-ONE-WATT RESISTORS, popular assort, some 5%ers, 100’s of uses, (#3844) 1.29 100 for 1.30 
30-FT. WIRE-WRAP WIRE, 30 ga ge, insulated, continuous length, (#3803) .. 1.29 60 for 1.30 
6-SPDT MICRC SLIDE SWITCH, only 3/7’’ cube, for PC mount, (#3429) .... 1.29 12 for 1.30 
10-PR.-RCAPLUGS & JACKS, for audio, speakers, etc., (#492) ............. 1.29 20 for 1.30 
5-2N3055 HOBBY TRANSISTORS, T-Os3 NAST A ie tick a 1.29 10 for 1.30 


6-SINGLE PIN MICRO GREEN LEDS, 3V, 10 mils, ‘pin heads’’, 100%, (#6126) 1.29 12 for 1.30 


6-JUMBO RED LEDS, 1.5-3 V @ 10 mA. 100% material, 100’s of uses, (#2135) 1.29 12 for 1.30 
6-MAGNETIC DISCS, shatter-resistant Plastalloy, 13/16” dia. (#6099) ...... 1.29 12 for 1.30 
5-PHOTO CELLS, Vactec 900, disc type, R: 2K ohm (dark) w/leads, (#6135) 1.29 10 for 1.30 
1-12VDC SPDT RELAY, 180 ohm coil, 25 mA, 1x1x112"’ sealed (#5937)...... 1.29 2 for 1.30 
10-VOLUME CONTROLS, asst. values, audio, and switch too! (#592) ....... 1.29 20° for 1.30 


NHonoooo oOnoDoOoOoOoOoOoOO coon oOoOoDOoO OOO 


60-PREFORMED DISC CAPS, handy assortment of values, marked, (#1181) .. 1.29 120 for 1.30 





HOW TO ORDER 
We honor MASTERCHARGE, VISA, check, and COD, 
(28% down). Order by phone or mail. Minimum order $8. 
Please state Cat. No. & description, name & month of 
magazine. Postage: Canadian; add $5, Foreign; add 
$10 (US funds). Excess will be returned. TERMS: add 
postage, RATED: Net-30. Phone:(617) 245-3828 


END FOR FREE CATALOG 


POLY PAKS® 


P.O. BOX 942- E4 
SO. LYNNFIELD, MA 01940 
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DIGITAL MULTIMETERS 
Sinclair PDM35 Hickok LX303 







3%-Digit RaW) \ 
Portable 
DMM Lp). 
Model 2800 é 


Portable Oscil 




































$15795 


= Sine-, square-, 


15 MHz Triggered Miniscope 









Triggered Miniscope 
Model MS-230 Reg. 3559 00 $4’7Q 


oe 
Logic Probe 


= Compact circuit powered # : 
Detects pulses as short as 50 4 
msec # DTUTTLV/HTL/CMOS ; 


compatibility $4495 ‘ 
RC Circuit Box f 


# 36 resistors (150 
to 10 MQ) = 18 
capacitors (100 pf to 


0.22 uf 
Reg oa 95 $42. 


1Hz-100KHz 
Proto 


Fully assembled breadboard 


5-way binding posts 


=, 


Magnifier Lamp 





























$7995 








Attache 


Model TC100/ST 
eet $27995 


Service 
Master 


15 MHz Function 

Dual Trace Generator i 
Triggered | | 00 
Miniscope \@o= 6e/=\22 cama) 
$36999..2°., Model MS-215 Reg. $185.95 


Model MS-15 — Reg. $319.00 $96995 triangle- and Tool Kit Capacitance Meter Model 3001 Model C-777 
me Pi Model 99-SM #9 ranges from 1999 pF to 199.9 uF 

30 MHz Dual Trace output = Reg. § 50 = 0.1% of reading accuracy eS 70 a® 
Frequency range; $69.95 47 


ESE Proto Board with | eng = Complete with nickel 


contains four QT-59S sockets, 
seven QT-59B bus strips and four 


Precision ground and polished 


ficat Line 
Mode! mcion 4991SBQQ 








100 MHz 8-Digit Counter 


= 20 Hz to 100 MHz Model MAX100 


: Reg. $150.00 
range # LED display 
= Fully automatic $4 2720 


CoE |6’x9” 3-Way Speaker 
2 | = 20 oz. ceramic magnet 

Mode! BP2000-69TR LZ 

$1495 eg @2 





























Sc Logic Monitor] Telephone 
SS} ¢ Automatically Answering 
VA displays static and Model 1500 J 
ie dynamic logic Call Control $24995 
Reg. $349.95 


7A Model LM-1 Works Pond ae 
; TTL, and ® 
, $5995 s Model 1400° 9995 


LED display 





HICKOK 


Digital CB In-Line 
Tester 



















a= 8 pc. Tool Set (value 
$14.95) with $200.00 
purchase from this ad. 

















































tC PRECISION WAHL Miniature High Fidelity 
Portable WD 3. 3-Way Stereo Speakers 
Weller’ Xcelite’ : | 69 ila 
















= Measures 
capacitance 
from 0.1pF to 1 Farad # Resolves to 


0.1pF = 10 ranges for accuracy and 2 
resolution = 4 digit easy-to-read LED Thermal-Spot wosei ss00 


display = 0.5% accuracy Circuit Tester $2995 
ESSc 31/2-Digit 0.1% Digital — 


Case 














































In-Dash Car Stereos 
8-Track Tape Player with 
AM/FM/MPX Radio 



























Cassette Tape Player 


DIGITAL MULTIMETER Simpson 461 with AM/FM/MPX Radio 










cadmium batteries, AC Model 
charger/adapter, test 


CAS-888 eae S 
leads $4 4995 $5750 ai te 


| Pemets, Sentral for] Stereo Power Booster 
= Model POW-40 $9495 a 


































Reg. $154.95 se | 
$4 2999 5-203, 






-10 
= = 
ea 


4 Pc Standard Starter Kit = One (1) Standard Command Reg. $87.95 
Console » Two (2) Lamp Mot 


dules » One (1) Appliance 50 
Module ‘79 


5 Pc Ultrasonic Starter Kit = One (1) Deluxe Ultrasonic Reg. $112.95 
Command Console # One (1) Hand Held Remote Unit = Two ¢ 95 
(2) Lamp Modules # One (1) Appliance Unit 99 


Lamp Modules $14.50 Standard Command Console $36.00 
Appliance Modules $14.50 Ultrasonic Command Console 





=| = 40W stereo 





















\ 









































855 Conklin St. Farmingdale, N.Y. 11735 


® Master Charge 
 BankAmeriéard ADD FOR SHIPPING AND INSURANCE 

















includes test leads Wall Switch Modules $14.50 with Hand Held Remote 999-95 J. vica = COD PEEA ME og 4-H od ~ 
= Money Order 501.00to 750.00.......... 7.50 
Chess Fe Weller’ Controlled Model WICPN Py GZ 30 MHz N.Y. Slate residents add sft mie 80.00 ooo 12:30 
melted 7 a “ Output Soldering $4995 Portable Frequency appropriate sales tax COD's extra 
95 Sac bacae Station 





esiaar emery 191! (300)645-9518 


in N.Y. State call (516) 752-0050 





Edmund Scientific 
ere) fete ee 


Ecrrasudt Scientific Cataing 


so.4 0) (0) € WANs} 040) 810) ANY =] 10) (21516 ] ef-161.4 
Optics, Lasers, Magnets, Weather, 
Magnifiers, Microscopes, Photo- 
graphy .. . Over 4,000 Fascinating 
Products in Our FREE 100 page color 
Catalog! Send for your FREE 
Edmund Scientific Catalog, Today! 


38 Years Of Service! 





0) Yes! Rush me your FREE catalog! 
Name 

Address 

City 
ee Ze 
Clip and Mail Coupon Today to: 


Edmund Scientific Co., Dept. 2020 AVO4 
Edscorp Bldg., Barrington, N.J. 08007 


No.156 ©1980 Edmund Scientific Co. 
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E97 COMpUtIQuUe EJ COMputique G7 computique 


HEWLETT INTRODUCING 
h 
re THE HP-B6} 








°. TEXAS INSTRUMENTS 
electronic calculators 







Sh 


RONEN SS Se Bae ete . i gs Bg eitgeth eae GT See : HP-33C NEW . .199.95 | 
TI-58C NEW.... 10995 Business Analyst!........ 21.95 Bp 3ac NEW 124.95 | 


Teg ss 2 ee 209.95 Business Analyst l]....... 39.95 

HP-38C NEW . .124. 
T!-58/59 Libraries ..28.95 Business Card NEW....... 39.95 ee 
TEQUGE SS e372 17.95 Language Translator NEW. .279.95M@ .o..0té~C~*” 

































PC-1086 Ss oS 146.95 Digital Thermostat NEW... 104.95 P4368) oe 73.95 The HP-85 is a powerful 
T4758 oe ee 19.95 Speak & Spell... . 2.00... 65.00 Biip3z7e 5995 BASIC language computer 
TROT 64.95 Chrono Alarm 806-31 ...... 39.95 ‘ac COMplete with keyboard 

HP-SBE ...... 94.95 CR display, printer, and 












ce pee ae ae HP-41C NEW... CALL tape drive - all in one com- 
World Time Alarm-Chrono 807-3 . . 99.95 HP-85 .NEW . 3250.00 pact unit. 


ig Tl HOME COMPUTER 99/4 .. . $1150.00 \ SOO ES AE $599.95 
SS OO 999.95 
aa" = \MAGINATION MACHINE . . . 495.00 ATARI gah EA 


4a 


















a Zappie' computer 16K MEMORY .. 999.95 CASIO’ Ne ras 
6200 NEW EXECUTIVE .......... 99.95 
5813 NEW| PROGRAMMABLE 34.95 CHESS jE ere 89.95 
SHARP °°!S NEW/PROGRAMMABLE....... : CHALLENGER 






5100 NEW LCD Alphanumeric 






ALSO: Canon, Seiko, Craig, Sanyo, Mattel, 
=a Pearlcorder, R d-a-Call, Code-a-Phone, and 
BETSUSTEM HsIDWW COMMAND ....39.95 Peuie. Records Cal, Codeaone, 
Each Module ..... 14.95 


WE WILL BEAT OR MEET ANY COMPETITOR’S PRICE ON MOST ITEMS IF HE HAS MERCHANDISE ON HAND. 
All units shipped in original factory cartons with accessories according to manufacturer's specification. CALL 
TOLL FREE (800) 854-0523 (outside CA) or (714) 549-7373 (within CA). Visa and MasterCharge; money order: Pers. Ck. 
(2 Wks. to clear); COD accepted. Min. $4.95 for shipping in USA. We ship AIR on request. CA residents add 6% sales tax. 
All merchandise subject to availability. Prices good only with this ad for limited time only. Send orders to Dept. POPEL-A 


WRITE OR CALL FOR FREE CATALOG 


E] COMPpPLtiQue 


3211 SOUTH HARBOR BOULEVARD, SANTA ANA, CA 92704 © 6 Stores in California 
CALL TOLL FREE (800) 854-0523 (outside CA) @ (714) 549-7373 (within CA). 
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14 pin 50/$4.95; 
6 16 pin 50/$4.95; 

» 18 pin 50/$4.95; 

» 20 pin 40/$4.95; 


6 24 pin 30/$4.95; 
® 28 pin 30/$4.95; 
¢ 40 pin 20/$4.95. 


MUSICIANS ! 
MUSICIANS 


Build your own preamps, tone controls, mini- 
amps, ring modulators, mixers, and much more 
with the book Eleetronic Projects for 
Musicians. Written with the beginner in mind 
by Craig Anderton, whose articles have appeared 





in Popular Electronics, Modern Recording, Guitar cene cok ove CATALOG TODAY ! 
Player and many other magazines. Now in its 3rd 


printing; $7.95 softcover. 


Also available by the same author: Home 
Recording for Musicians. Demystifies the art of 
making quality recordings at home; covers audio 
basics, mixers, mikes, special effects, noise 
reduction, projects, and more. $9.95 softcover. 


NOTE: WE SUPPLY PARTS KITS FOR THE PRO- 
JECTS IN CRAIG’S BOOKS AND IN HIS MONTHLY 
GUITAR PLAYER COLUMN (FROM COM- 
PRESSORS TO PHASE SHIFTERS) AT A PRICE 
THAT’S MUSIC TO YOUR EARS. DO IT YOURSELF 
AND SAVE! SEND FOR OUR CATALOG TODAY. 












Gen purp NPN xsistors (Sim 2N3904) 100/$7.95 


Gen purp PNP xsistors (Sim 2N3906) 100/$8.95 


IMSAI spacing S-100 soldertail 
edge connectors 















2/$5 


















HT 16K DYNAMIC = 


we RAMS: $87.20 


Segrecrurgusn 
Expand memory in TRS-80* -I and -ll, as well as 
machines made by Apple, Exidy, Heath H89, newer 
PETs, etc. Low power, 250 ns (4 MHz). Add $3 for 2 
dip shunts plus TRS-80* installation instructions. 
















*TRS-80 is a trademark of the Tandy Corporation. 






TERMS: Cal res add tax. Allow 5%_ shipping, excess re- 
funded. VISA®/Mastercharge® call (415) 562-0636 24 hours. 
COD-OK with street address for UPS. Special prices good 
through cover month of magazine while supplies last; other 
prices are subject to change without notice. Add $1 handl- 


ing to orders under $15. 
4 






OPBOY 


GODBOUT ELECTRONICS 
Bldg. 725, Oakland Airport, CA 9461 
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wm Convert Your Car Into A Concert Hall! ««.»: 











AUTOMATIC RADIO 
MADE BY THE 


a AUTO RADIO 
SPECIALISTS!! 





Nc. 5744P 








FACTORY CLOSEOUT! — One of America’s largest 
independent manufacturers of automobile radios has 
given up which we announced in Nov. 1979 Radio 
Electronics &Popular Electronics magazines). We’ve 
been fortunate in acquiring more of the last auto ra- 
dios in production. These are AM-FM-MPX-Stereo 
sets....designed for new cars. All are tested 100% 
operational and come with knobs & 5 push buttons. 
Ideal for installing in your auto, van, camper, boat 
or any other place 12 VDC is available. 


B 
1 ; 
Quality Speakers 2:";*: 
For Above Radios — Surplus Prices Ea ke aes 
, [160014P 
[}60011P 
[]60026P 







§ -Be 
sure to 
include 





postage 





60010 5730 60013 60011 


4% AM-FM 


$2 Shpg- BUY OF A LIFETIME 
SAME RADIO as above except it is 
AUTOMATIC not stereo! Excellent FM reception; 
RADIO-FM _ picks up stations with weak signals! . 

Complete with metal top plate, push 
No. 5745SP buttons and front bezels. 














NEWS ITEM! -- Auto stereo has become as sophisti- 
cated as home hi-fi — and nearly as expensive. You 
can spend $300 for simple components—which means 
stereo can be out of reach for many folks and 2nd 
cars. If you want a stereo sound system, you can 
start with the purchase of a $100 radio for only a 
mere $19.95 at Delta. The radios are designed for 
small interior of your car that has the combination 
of the hard plastic and soft upholstered surfaces. It 
is the perfect radio for a top-sounding stereo system. 





Size Type Ohms Watts Magnet Mtg. Ctrs. Each 


9x6 Oval 8 10 2-34’? Rd. 64%2x 4%” $7.95 
6 Round 8 3 2-3/8 ” 5-5/8 5.95 
5ee Round4&8 12 3” Rd. 3-7/8 7.95 
5ee Round4&8 12 3-%’’ Rd, 3-7/8 9.95 
4x6 Oval 8 10 2-5/8”Sq. 5% x 3” 5.95 
4x6 Oval 8 10 2-3/8”Rd 5% x 3” 5.95 


@@ High compliance stereo speakers 


Mail Order Address 


DELTA 


CATALOG ELECTRONICS 


176 SECOND AVE. 
WALTHAM, MASS. 


FANKAMERICARD | —|{ ™aster charge 02154 


THE INTERDAME CARD 


Minimum Order $8.00 


dior be TEL. (617) 388-4705 


When in onrarea, vertheastern Mass. or southern NHL visit our retail at 7 Oakland St., Vimesbury, Mass. 
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Electronics Classitiec 





REGULAR CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commercial products or services, $2.75 per word. Minimum order $41.25.EX- 
PAND-AD® CLASSIFIED RATE: $4.10 per word. Minimum order $61.50. Frequency discount: 5% for 6 months; 10% for 12 months paid in advance. PERSONAL 
RATE: For individuals with a personal item to buy or sell, $1.60 per word. No minimum! DISPLAY CLASSIFIED: 1” by 1 column (2-1/4” wide), $330. 2” by 1 column, 
$660.00. 3” by 1 column, $990.00. Advertiser to supply film positives. For frequency rates, please inquire. GENERAL INFORMATION: Ad copy must be typewritten or 
clearly printed. Payment must accompany copy except when ads are to be billed on credit cards — American Express, Diners Club, Master Charge, VISA (supply 
expiration date) — or when ads are placed by accredited advertising agencies. First word in all ads set in caps. All copy subject to publisher’s approval. All advertisers 
using Post Office Boxes in their addresses MUST supply publisher with permanent address and telephone number before ad can be run. Advertisements will not be 
published which advertise or promote the use of devices for the surreptitious interception of communications. Ads are not acknowledged. They will appear in first issue 
to go to press after closing date. Closing Date: 1st of the 2nd month preceding cover date (for example, March issue closes January 1st). Send order and remittance to 
Classified Advertising, POPULAR ELECTRONICS, One Park Avenue, New York, N.Y. 10016. For inquiries, contact Linda Lemberg at (212) 725-7686. 


FOR SALE 
FREE! Bargain Catalog — |.C.’s, LED's, readouts, fiber op- 


tics, calculators parts & kits, semiconductors, parts. Poly 
Paks, Box 942PE, Lynnfield, Mass. 01940. 


GOVERNMENT and industrial surplus receivers, transmitters, 
snooperscopes, electronic parts, Picture Catalog 25 cents. 
Meshna, Nahant, Mass. 01908. 


LOWEST Prices Electronic Parts. Confidential Catalog Free. 
KNAPP, 4750 96th St N., St. Petersburg, FL 33708. 


ELECTRONIC PARTS, semiconductors, kits. FREE FLYER. 
Large catalog $1.00 deposit. BIGELOW ELECTRONICS, 
Bluffton, Ohio 45817. 


RADIO — T.V. Tubes — 49 cents each. Send for free catalog. 
Cornell, 4213 University, San Diego, Calif. 92105. 


AMATEUR SCIENTISTS, Electronics Experimenters, Sci- 
ence Fair Students . .. Construction plans — Complete, in- 
cluding drawings, schematics, parts list with prices and 
sources ... Robot Man — Psychedelic shows — Lasers — 
Emotion/Lie Detector — Touch Tone Dial — Quadraphonic 
Adapter — Transistorized Ignition — Burglar Alarm — Sound 
Meter. . . over 60 items. Send $1.00 (no stamps) for complete 
catalog. Technical Writers Group, Box 5994, University Sta- 
tion, Raleigh, N.C. 27650. 


SOUND SYNTHESIZER KITS — Surf $16.95, Wind $16.95, 
Wind Chimes $22.95, Musical Accessories, many more. 
Catalog free. PAIA Electronics, Box J14359, Oklahoma City, 
OK 73114. 


TELETYPE EQUIPMENT: Copy Military, Press, Weather, 
Amateur, Commercial Transmissions. Catalog $1.00. 
WEATHER MAP RECORDERS: Copy Satellite Photographs, 
National-Local Weather Maps. Learn How! $1.00. Atlantic 
Sales, 3730 Nautilus Ave., Brooklyn, NY 11224. Phone: (212) 
372-0349. 


WHOLESALE C.B., Scanners, Antennas. Crystals: Special 
cut, $4.95, Monitor $3.95. Send make, model, frequency. G. 
Enterprises, Box 461P, Clearfield, UT 84015. 


BUILD AND SAVE TELEPHONES, TELEVISION, DETEC- 
TIVE, BROADCAST Electronics. We sell construction plans 
with an Engineering Service. Speakerphones, Answering Ma- 
chines, Carphones, Phonevision, Dialers, Color TV Convert- 
ers, VTR, Games, $25 TV Camera, Electron Microscope, 
Special Effects Generator, Time Base Corrector, Chroma 
Key. Engineering Courses in Telephone, Integrated Circuits, 
Detective Electronics. PLUS MUCH MORE. NEW Super Hob- 
by Catalog PLUS year’s subscription to Electronic News Let- 
ter, $1.00. Don Britton Enterprises, 6200 Wilshire Blvd., Los 
Angeles, Calif. 90048. 


NAME BRAND Test Equipment. Guaranteed discounts up to 
50%. Free catalog. Salen Electronics, Box 82, Skokie, || 
60077. 


SpeakerGuts. 










The absolute latest in 
advanced speaker techno- 
logy. Wave Aperature™ 
Drivers, the Patented, 
Nestrovic Woofer System, raw 
speaker components selected for on 
their excellence. Horns, crossovers, subwoofers, woofers, 
midranges, horn and dome tweeters. Over 30 in all. Build 
your own speaker system and we'll provide top quality 
speakers and design information. Send for FREE 48 page 
color catalog from the largest, most experienced speaker 
kit manufacturer in the world. DON’T DELAY. Write today! 


Jecakerlae 


Dept. 176, 735 N. Northlake W 
Seditle, Washington 98103 Ae 
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UNSCRAMBLE CODED MESSAGES from Police, Fire 
and Medical Channels. Same day service. Satisfac- 
tion guaranteed. Don Nobles Electronics, Inc., Rt. 7, 
Box 610, Hot Springs, Arkansas 71901. (501) 
623-6027. 


UNSCRAMBLERS FOR any scanner. Several models avail- 
able. Free literature. Capri Electronics, 8753T Windom, St. 
Louis, MO 63114. 


UNSCRAMBLERS, seven models available to decode police, 
ambulance, and fire coded transmissions. Other scanner de- 
vices. Tone encoders/decoders. Telephone accessories, etc. 
Free Catalog. KRYSTAL KITS, Box 445, Bentonville, AR 
72712. (501) 273-5340. 


POLICE/FIRE SCANNERS, crystals, antennas, CBs, Radar 
Detectors. HPR, Box 19224, Denver, CO 80219. 


CB RADIOS, VHF-UHF Scanners, Crystal, Antennas, Radar 
Detectors. Wholesale. Southland, Box 3591, Baytown, TX 
77520. 


PRINTED CIRCUIT supplies, chemicals, tools, artwork, plat- 
ing solutions. Major credit cards. Catalog $2.00, refundable. 
CIRCOLEX, Box 198, Marcy, NY 13403. 


RECONDITIONED TEST EQUIPMENT $1.00 for catalog. 
WALTER'S TEST EQUIPMENT, 2697 Nickel, San Pablo, CA 
94806, (415) 758-1050. 


NEGATIVE ION GENERATORS AND ACCESSORIES. (Kits). 
Fascinating details — $1.00. Golden Enterprises, Box 
1282-PE, Glendale, Arizona 85311. 


@ eee a aaa aes 
’ Telephone Listening Device & 


Record telephone conversations in your 
office or home. Connects between any 
Cassette or tape recorder and your 
telephone or telephone LINE. Starts 
automatically when phone is answered. 
Records both sides of phone conversation. 
Stops recorder when phone is hung up. 
This device is not an answering service. 


SOOO HL HL 


Super Powerful 


‘Wireless Mic 


10 times more powerful than other mics. 

Transmits up to 4 mile to any FM radio. 

Easy to assemble kit. 15V battery (not incl.) 

Call (305) 725-1000 or send $18.95 + $1.00 shipping per B 
item to USI Corp., P.O. Box PE-2052, Melboume, FL 32901. B 
COD's accept. For catalog of transmitters, voice scramblers § 
and other specialty items, enclose $2.00 to USI Corp. 


EXQUISITE ELECTRONICS KITS for beginners and 
pros. Free brochure. LOGICAL SYSTEMS, 3314 ‘H’ 
St., Vancouver, Washington 98663. 


NEW CATALOG of low cost electronic parts. Send for FREE 


copy. ALL ELECTRONICS CORP., Dept. F, 905 S. Vermont 
Ave., Los Angeles, CA 90006. 


FIX CB RADIOS for yourself, friends or profit. Com- 


plete manual now $10.95 from A.P. SYSTEMS, P.O. 


Box 488 PE, Milford, PA 18337. (717) 686-5900. 


New Morse-A-Word Code Reader 


IDEAL FOR BEGINNERS, SWL’S AND 
AMATEURS. CONNECTS TO YOUR 
RECEIVER SPEAKER. FULL EIGHT 
CHARACTER READOUT. ORDER 
MAWF $249.95; KIT $169.95. SEND 
CHECK OR MONEY ORDER. USE 
YOUR VISA. OR MASTER CHARGE 
ADD $3.50 FOR SHIPPING. 





Tel.: 414-241-8144 


Corporation 
P.O. Box 513 PE, Thiensville, Wisconsin 53092 








SATELLITE 


FOR THE HOME 


Our receiver lets you get 
over 75 channels of televi- = 
sion directly from earth- € 
orbiting cable TV satellites!: * 
HBO, Showtime, super sta- ‘ See 
tions, sports and movies s.-2""= 
from around the world. z 


ick of Network TV? 
Buy Complete or 
Build our kit and save! 


Our 24-channel receiver provides “studio quality” 
TV reception. Easy to install! Ultra low power con- 
sumption! Brilliant color! Works anywhere! FCC 
licensing no longer required. Order today! 

Complete details covered in our Home Earth Sta- 
tion manual. Send $7.95 today (refundable against any 
purchase), or call: 


24-hour C.O.D. Hotline 


305) 869-4283 


SPACECOAST RESEARCH 
Dept. H, P.O. Box 442, Altamonte Springs, FL 32701 


































TREMENDOUS BUYS In New 
And Gov’t Surplus Equipmen 


* Save us the labor costs of cleaning and , _Z 
polishing and save $$$$ on standard dial OA & 
telephones. Work on any commercial system. 
Complete, ( no parts missing ) in good 
working order. Your choice of desk or wall 
models. These are take-outs from commercial 
service ( not toys ). Instructions furnished. 


$7.95 


PRICE EACH 


FREE CATALOG Shows BIG SAVINGS On 


© ELECTRONICS © ELECTRICAL © 
* BINOCULARS ° 

* GENERATORS « 

* POWER PLANTS 


ORIGINAL 
$27.50 


Wall Model: #715-WPE 
Desk Model: #715-PE 


PREPAID INU S.A 
Does not include 
HAWAII ALASKA PR 


ALARM SYSTEMS © TELEPHONES * PUMPS 
GEAR MOTORS + WINCHES * SURVEYING INSTRUMENTS 
COMPRESSORS * HYDRAULICS * POWER TOOLS © WELDERS 
* CHEMICAL SPRAYING © TARPAULINS © MANY OTHERS 





NEW ELECTRONIC PARTS. Continuously stocked. Stamp 
brings catalog. Daytapro Electronics, 3029 N. Wilshire Ln, Ar- 
lington Hts., IL 60004. 


WO?! 9, 
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POPULAR ELECTRONICS 


SATELLITE TELEVISION — MOVIES, SPORTS, etc. Build or 
buy earth station. Send $3.00 for information. Satellite T.V., 
Box 140, Oxford, NY 13830. 


RF POWER TRANSISTORS — MRF 455A — $17.95, MRF 
454A — $24.95, 2N 5591 — $8.90, 2N 6084 — $14.50, more. 
TV, audio, radio, VTR transistors, IC’s, diodes, SG 613 — 
$5.90, STK 013 — $8.40, AN 239 — $4.90, more. Send for 
free catalog. B & D Enterprizes, P.O. Box 32, Mt. Jewett, PA 
16740. (814) 837-6820. 24 hours. 


SCANNER CRYSTALS $2.85. PLL conversion crystals 
$4.00. 50¢ P&H. Diversified Marketing, 2010 So. 139th Cir., 
Omaha, NE 68144. 


DISCOUNT C.B., SCANNERS, ACCESSORIES, Free Cata- 
log Crystals: CB, Ham, Scannef. All freqs. Same day service. 
XTALS, Box 42-E, Prospect Hts., IL 60070. 


TRS-80 USERS@®: We have hardware and software. Write for 
current list. HARTMANN-LANG, Box 693, Chatham, NJ 
07928. 


NEW FALL 1980 TEST EQUIPMENT CATALOG AVAIL- 
ABLE. 108 pages of quality used equipment. Write for free 
copy. Tucker Electronics Co., Box 401060, Garland, TX 
75040. 


PRINTED CIRCUIT BOARDS, your artwork. Quick delivery. 
Reasonable. Atlas Circuits, Box 974, Waynesville, NC 28786. 
(704) 456-3739. 


FREE CA3140 OpAmp with every order. All top quality mer- 
chandise. Send for bargain catalog. KEY ELECTRONICS, 
Box 3506P, Schenectady, NY 12303. 


TEST EQUIPMENT, new and used. Catalog $1.00. PTI, Box 
8756, White Bear Lake, MN 55110. 


ELECTRONIC CATALOG Free. Over 300 pages. Parts, sche- 
matics, etc. Everything needed by the hobbyist or technician. 
T & M Electronics, 472 East Main St., Patchogue, NY 11772. 
(516) 289-2520. 


RECORDS — TAPES! Discounts to 73%. All labels; no pur- 
chase obligations; newsletter; discount dividend certificates. 
100% guarantees. Free details. Discount Music Club, 650 
Main St., Dept. 5-0380, New Rochelle, NY 10801. 


New Subsonic Filter is required 
for optimum bass 
response in your 
| system. 


FF cE'AUIO co. 
FREE CATALOG 


532 5th St., East 

N’thp’t, NY 11731 
SOLAR CELLS .4v, 4 inch diameter, 2 amps $8.75, 10° for 
$85.00 plus $5.00 shipping. Foster, 1742 Dowd, St. Louis, 
MO 63136. (314) 522-6667. 


QUIZZES AND GAMES FOR TRS-80. Quizzes include Math, 
English, Sports. Wizards Arsenal, Box 20183, Lansing, MI 
48901. 


DIGITAL AUTO COMPASS, eight LED direction indicators, 
three digit heading readout. Information $1.00; complete 
plans $3.50. TS Research, 2301 East Ball Road, c/o Office, 
Anaheim, CA 92806. 


CATALOG OF UNUSUAL CB ITEMS. Repairs, modifications, 
range boosters. $1 (refundable). CB CITY, Box 1030PE, 
Woodland Hills, CA 91365. 


NEVER LEAVE YOUR HEADLIGHTS ON AGAIN! Transistor- 
ized buzzer kit warns you! All parts included! $3.75, add 40¢ 
postage. Electronic Innovations, 1105-7B-N Main Street, 
Gainesville, FL 32601. : 


SHORTWAVE LISTENERS SPECIAL. Yaesu FRG-7 regular- 
ly $370.00. Ross Distributing Special Price $270.00. FOB 
Preston. Ross Distributing Company, 78 South State, Pres- 
ton, ID 83263. (208) 852-0830. 


SATELLITE T.V. 


HOME VIDEO RECEIVERS, ANTENNAS AND LOW 
NOISE AMPLIFIERS. WE MFG. THE LATEST IN 
ADVANCED TECHNOLOGY SYSTEMS WHICH 
COMBINE HIGH PERFORMANCE AND LOW COST. 
SEND $7.95 (REFUNDED WITH ORDER) FOR OUR 
INFORMATION PACKAGE TO: 


NORSAT SYSTEMS BOX 232 SURREY B.C. 
CANADA V3T 4W8 































PROGRAM 2708 EPROMS with the TRS-80. Schematic and 
software $5.00. David Tipping, Box 400, Northford, CT 06472. 


POLICE SCANNERS — WHOLESALE PRICES. Over 25 
models. Bearcat 300 — $379.95. Regency M 100— $229.95. 
Bearcat 220 &250— $269.95. Same day shopping. VISA/MC. 
(415)573-1624. Free catalog. Write: Scanners Unlimited, 
1326 El Camino Real, Belmont, CA 94002. 


GUARANTEED TEST EQUIPMENT. Surplus at surplus 
prices. List $2.00 Refundable. Jack Watts Co., Box 25, Co- 
rona, CA 91720. 





APRIL 1980 


LOGIC ANALYZER OR TIMING DIAGRAM. Convert any 
scope $10.00. Complete information, schematic, P-C Layout 
& parts list $4.95. P.O. Box 93, Kensington, MD 20795. EDP 
Marketplace. 


ELECTRONIC PERCUSSION use with Amplifier Synthesizer. 
Musical Instruments, $1.00. P.O. Box 15538, Tulsa, OK 
74112. 
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audiomez = [<~] [<>] 
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Audiokit 62, 6 in/2 out pro mic mixer 


@©0'e'0'6\'e 
eee eee perfect for live recording. Can be 







ee ee 016 ee in just hours. peelures 
reble, bass, pan, cue, echo, gain 

oe pop i ; ° control on ail inputs. Kit .. . $265. 
e @/@)@) assembled . . . $395. Send check or 


money order to: Audiomarketing, 652 
Glenbrook Rd., Stamford, CT 06906 


A f : f j f f i or call us Tol! Free at 800-243-2598. 


SPEAKERS, CROSSOVERS, ENCLOSURES, parts to build 
superb systems. Send $1.00 for list #80. ACL, P.O. Box 
5246, Willowick, OH 44094. 


RESISTORS YW, Y4W5%CF .03¢. No minimums. Send for 
stocklist. JR Industries, 5834-A Swancreek, Toledo, OH 
43614. 


LOWEST Prices Electronic Parts, Confidential Catalog Free. 
KNAPP, 4750 96th St. N., St. Petersburg, FL 33708. 


SAVE 50%. Build your own speaker system. Write: McGee 
Radio Electronics, 1901 McGee Street, Kansas City, Missouri 
64108. 





PLANS AND KITS 


AMAZING ELECTRONIC 
“Sn PRODUCTS 14 


LASERS SUPER POWERED, pe a POCKET - SEE be DARK - PYRO- 


IN 
_ AERO, AUT MECH DE VICES, HUNDREDS 
ALL NEW PLUS INFO UNLTD PARTS SERVIC 


INFOR MATION unlimited 
Dept. E8, Box 716, Amherst, NH 03031 


MORE - 


CATALOG $1 


FREE KIT Catalog contains Test and Experimenter’s 
Equipment. Dage Scientific Instruments, Box 
1054P, Livermore, CA 94550. 


ap 


TIGER 500 
SIMPLI-KIT 


FOR THE DO-IT-YOURSELFER 

NOW! a high quality CD ELECTRONIC 
IGNITION SYSTEM in kit form. 
Contains all components and solder to 
build complete Solid-State Electronic CD 
Ignition System for your car. Assembly 
requires less than 3 hours. 

e Increases MPG 15% * Eliminates 4 or 5 tune-ups 

¢ Increases horsepower 15% * Instant starting, any 

e Plugs and Points last weather 

50,000 miles * Dual system switch 
Fits only 12 volt neg. ground... 
Only $26.95 postpaid 


“Tri-Star Corporation 


P.O. Box 1727 Grand Junction, Colorado 81501 





PRINTED CIRCUIT Boards from sketch or artwork. Kit pro- 
jects. Free details. DANOCINTHS Inc., Box 261, Westland, 
MI 48185. 


ELECTRONICS KITS: For information, send 50¢. GI Kits, Box 
2329, Garland, TX 75041. 


HI Fl STEREO AMPLIFIER. Build your own, at half market 
price! Info $1.00. Otech, P.O. Box 1245, Des Plaines, 
IL 60018. 


SPEAKERPLANS — Build ANY size speakers without special 
tools, experience. FOOLPROOF, illustrated instructions, 
parts sources. 80% SAVINGS! Rush $4. SPEAKERPLANS, 
334 Pursel, Phillipsburg, NJ 08865. 


BUGS. Build professional miniature FM transmitters. Plans 
$5.00. Money-Back Guarantee. PCEP Enterprises, Box 837- 
B, New York, NY 10004. 


NEW-UNSCRAMBLER PLANS. State of art integrated circuit 
design. Fits all scanners. Complete plans, $3.95. Innovative 
Marketing, Box 7577, Huntington, WV 25777. 





GIANT SCREEN TV Projection System converts any televi- 


sion into 7 foot picture. Lens & Instruction $14.00. Guaran- 
teed. Bell Video, 4616 Belair Rd., Baltimore, MD 21206. 


PERSONALIZED DOORBELL, programmable tunes, drives 


speaker directly. Plans $3.95. Lering, 832 Lyford, Wheaton, IL 
60187. 


TOP QUALITY SPEAKERS AND KITS. Send $1.00. Speaker 
Warehouse, 809 North Route 441, Hollywood, FL 33021. 


FIBER OPTIC EXPERIMENTER'S KIT. Includes fiber, cable, 
tools and instructions. Send $6.00 to: FIBERTRONICS, Box 
322, Primos, PA 19018. 


LASER PLANS using laser diode 1-1200 watts (specify) 
$4.00. Brochure 50¢. LASERTRONICS (3), 12320 SW 
Spring, Portland, OR 97225. 


PROJECTION TV ... Convert your TV to project 7 Foot pic- 
ture. Results equal to $2,500 projector. Total cost less than 
$20.00. PLANS & LENS $16.00. Illustrated info. FREE: Mac- 
rocomcg, Washington Crossing, PA 18977. 


TELEPHONES & PARTS 


TELEPHONES UNLIMITED, EQUIPMENT SUPPLIES, 
ALL TYPES. REGULAR, KEYED, MODULAR. Catalog 
call (714) 563-5555 or mail $1.00 refundable. Box 
1147E, San Diego, CA 92112. 


ALARMS 


Burglar-Fire Protection 


Protect Your Life, Home, Business, Auto, etc. 


¢ Our catalog shows how. Install your own 
alarm systems and devices and save $$$$. We 
offer FREE write-in engineering service. 


FREE CATALOG “i rsscenceusee 
Box 82802-PE Lincoln, Ne. 68501 
POLICE DIALER $29.95. Free burglar alarm equipment cata- 


log. Sasco, 5619P St. John, Kansas City, MO 64123. (816) 
483-4612. 


BURGLAR, FIRE, CAR! Finest equipment! Save! Catalog, 
Decal, 50¢, Refundable! AAS, 186A Oxmoor Road, B'ham, 
AL 35209. 


Burdex Security Co. 





HIGH FIDELITY 


DIAMOND NEEDLES and Stereo Cartridges at Discount 


prices for Shure, Pickering, Stanton, Empire, Grado, Audio 
Technica, Osawa, Satin and ADC. Send for free catalog. 
LYLE CARTRIDGES, Dept. P, Box 69, Kensington Station, 
Brooklyn, New York 11218. Toll Free 800-221-0906 9AM - 
8PM except Sunday. 





HOBBIES 





tsuestessesecss GREAT OUTDOOR FUN.  asacnsceceusnas: 


SEARCH ELECTRONICALLY FOR ... gold, silver, 
coins and relics with White’s Electronics mineral/ 
metal detectors. Pays tor itself. U.S. Patented. 

For your nearest dealer if Wes 
and free catalog 

CALL TOLL FREE 

\ 1-800-547-6911 












| White's Electronics, Inc. Dept. PE- 0, 
poteanssassss SWeet Home, OR Q7386reescucnnacectecuacongugend 


NEW 1980 LEATHERCRAFT CATALOG! 100 pages of over 


2100 genuine leather kits, tools, supplies. Easy way to make ~ 


extra money in your spare time. Send 50¢ for postage and 
handling to: Tandy Leather Company, P.O. Box 791, Dept. 
PEC-4, Fort Worth, TX 76101. 


WANTED 


GOLD, Silver, Platinum, Mercury, Tantalum wanted. Highest 
prices paid by refinery. Ores assayed. Free circular. Mercury 
Terminal, Norwood, MA 02062. 


TUBES 


TUBES: “Oldies”, Latest. Supplies, components, schematics. 
Catalog Free (stamp appreciated). Steinmetz, 7519-PE Ma- 
plewood, Hammond, Ind. 46324. 


TUBES-RECEIVING, Industrial and Semiconductors Factory 
Boxed. Free price sheet including TV, Radio and audio parts 
list. Transleteronic, Inc., 1365 39th St., Brooklyn, New York 
11218. Telephone: (212) 633-2800. Toll free: 800-221-5802. 
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RADIO & T.V. Tubes — 49 cents each. Send for free Catalog. 
Cornell, 4213 University, San Diego, Calif. 92105. 


RADIO AND TV TUBES 1938 to 1978 $1.00 ea. PRELLER 
TV, Augusta, AR 72006. (501) 347-2281. 





GOVERNMENT SURPLUS 


MANUALS for Govt Surplus radios, test sets, scopes. List 
$1.00 (cash). Books, 7218 Roanne Drive, Washington, D.C. 
20021. 


JEEPS — $19.30!! — CARS — $13.50!! — 650,000 ITEMS!! 
— GOVERNMENT SURPLUS!! — Most COMPREHENSIVE 
DIRECTORY AVAILABLE tells how, where to buy!! — YOUR 
AREA — $2. — MONEYBACK GUARANTEE!! — “Govern- 
ment Information Services”, Department GE-16, Box 99249, 
San Francisco, California 94109. 


GOVERNMENT SURPLUS. Buy your Area. How, Where. 
Send $2.00. Surplus, 615-PE Headquarters Building, Wash- 
ington, D.C. 20036. 


JEEPS ... $18.88!! ... 675,000 Items! Buy In Your Area! 
How! Where! — “Moneyback GUARANTEED 1980 Govern- 
ment SURPLUS Directory” — Including: “Buy G-Lands,” — 
“G-Oil/G-Gas LOTTERIES,” — $2.00. GSURPLUS, Box 
2009-N, Syracuse, NY 13220. 





PERSONALS 


MAKE FRIENDS WORLDWIDE through international corre- 
spondence, illustrated brochure free. Hermes-Verlag, Box 
110660/Z, D-1000 Berlin 11, W. Germany. 


MAILORDER SUCCESS! Interested? Free exposé. TWP-V, 
Box 6226, Toledo, Ohio 43614. 


LOFTINESS MUSIC? Connoisseur’s recommendations—$2. 
Box 5600. Jacksonville, FL 32207. 


PENFRIENDS — ENGLAND — USA, through correspon- 
dence. Send age, interests. Free reply. Harmony, Box IPE, 
Brooklyn, New York 11223. 





INSTRUCTION 





UNIVERSITY DEGREES BY MAIL! Bachelors, Mas- 
ters, Ph.D’s. Free revealing details. Counseling, Box 
317-PE04, Tustin, California 92680. 


LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details, 
Strange catalog free! Autosuggestion, Box 24-ZD, Olympia, 
Washington 98507. 


RADIO BROADCASTING: Become Du, engineer. Start your 
own station — investment/experience unnecessary! Receive 
free equipment, records. Free details. Broadcasting, Box 
130-A4, Paradise, CA 95969. 


LEARN ELECTRONIC ORGAN SERVICING at home. Com- 
pletely revised course covers latest models including digital, 
LSI's, synthesizers, etc. NILES BRYANT SCHOOL, PO Box 
20153, Sacramento, CA 95820. 


rin ERIS Yee STEER a LIS A re RR ERAS OF AE 
FIX CB RADIOS for yourself, friends or profit. Complete man- 
ual now $10.95 from A.P. SYSTEMS, Box 488P, Milford, PA 
18337. (717) 686-5900. 

















TESr. 
FCC ¢ S-ANSy 
Clases Ann gs FOR 
The Original FCC Tests-Answers exam manual that Uy OMMER <OND 
prepares you at home for FCC First and Second class CENSE IAL 









Radiotelephone licenses. Newly revised multiple-choice 
exams cover all areas tested on the actual FCC exam. 
Plus ‘Self-Study Ability Test.'’ Proven! $9.95 
‘postpaid. Moneyback Guarantee. 


G 


COMMAND PRODUCTIONS 8 : P.O. Box 26348 P 
an 


Radio Engineering Division Francisco, CA 94126 





25 Sa aes ERO EO 
MEDICAL ELECTRONICS TECHNICIAN. Join the medical 
team. Troubleshoot EKG’s, EEG’s, Ultrasound, etc. Learn a 
prestigious profession at home. University REM-E, PO Box 
9622, Fresno, CA 93793. 


COLLEGE DEGREES BY MAIL! No classes. Fast. Economi- 
cal, Accredited. FREE Revealing details. Success, Box 
13151-R4, Columbus, Ohio 43213. 


Se a tg Ng Ds id ef PE wn 
HAMS: ADVANCED CLASS TEST GUIDE! Accurate! Send 
$11.50 to Dick Bash - KL71HP, Box 382, San Leandro, CA 
94577. 


AVIONICS Aircraft Electronics. Accredited School. Excellent 
Employment Opportunities. Aero Technicians, P.O. Box 7PE, 
Rexburg, ID 83440. 





FOR INVENTORS 


rte Cer eae leew A he ee 
NEW! “Patenting Your Invention Yourself!”, $29.95. Regis- 
tered Patent Attorney, 7400 ZD Benjamin Franklin Sta., 
Washington, DC 20044. 
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GS EN hacemos, 


PATENT AND DEVELOP Your invention. Registered Patent 
Agent and Licensed Professional Engineer, Send for FREE 
PATENT INFORMATION every inventor should have. Rich- 
ard L. Miller, P.E., 3612 Woolworth Building, New York, NY 
10007. (212) 267-5252. 


INVENTIONS WANTED 
FREE CONSULTATION % NO IDEA TOO SMALL 


Disclosure registration. Potential cash or royalties from manufacturers seeking new 
ideas. For free information on how to register your ideas. Call or write. 


AMERICAN INVENTORS CORP. 


59 Interstate Dr. Dept PE 
West Springfield, MA 01089 (413) 737-5376 


ee Based Service Company 


INVENTORS Patent your invention. Free initial consultation. 
We are registered by the U.S. Government. VICTOR J. EV- 
ANS & CO., 4637 Eastern Ave. N.E., Washington, DC 20018. 
Since 1898. 


LEARN HOW TO OFFER YOUR INVENTION for sale or li- 
cense. Free booklet outlines procedures, royalty rates, re- 
quirements. Kessler Sales Corporation, C-254, Fremont, OH 
43420. 


CHEAP PROTECTION for your ideas. Inventor's Logbook. 
Verification format, permanent binding; moneyback guaran- 
tee. $14.95. JorJan, Box 405PE, Ellensburg, WA 98926. 


PATENT ENTERPRISES, LTD. —A patent clinic. Protect 
your invention first at low, low flat fees! FREE brochure on 
selling your idea. PATENT ENTERPRISES, LTD., Suite 
2815-G, 30 Rockefeller Plaza, New York, NY 10020. (212) 


246-6583. 


BUSINESS OPPORTUNITIES 


| MADE $40,000.00 Year by Mailorder! Helped others make 
money! Details 25¢. Torrey, Box 318-NN, Ypsilanti, Michigan 
48197. 


FREE CATALOGS. Repair air conditioning, refrigeration. 
Tools, supplies, full instructions. Doolin, 2016 Canton, Dallas, 
Texas 75201. 


NEW LUXURY CAR WITHOUT COST! Free Report. Co- 
dex-ZZ, Box 6073, Toledo, Ohio 43614. (419) 865-5657. 


MECHANICALLY INCLINED individuals desiring ownership 
of Small Electronics Manufacturing Business — without in- 
vestment. Write: BUSINESSES, 92-K2 Brighton 11th, Brook- 
lyn, New York 11235. 


MILLIONS in Mail!!! Free Secrets. Transworld-17, Box 6226, 
Toledo, OH 43614. - 


MECHANICALLY INCLINED INDIVIDUALS 


Assemble electronic devices in your home. 
Knowledge, or experience not necessary. Get start- 
ed in spare time. Above average profits. $300 - 
$600/Wk possible. Sales handled by others. No in- 
vestment — Write for free details. 


ELECTRONIC DEVELOPMENT LAB 
















Box 1560PE, Pinellas Park, FL 33565 





ERASE DEBTS with little-known law — create wealth!! Details 
FREE — Blueprints, No. EE4, Box 100, LaGrangeville, NY 
12540. 


BIG MONEY! Interested? Free disclosure. Febre-V, Box 
6073, Toledo, Ohio 43614. (419) 865-5657. 


MAKE MONEY AT HOME building electronic circuits. Over 45 
different projects including burglar alarms, telephone hold but- 
ton, color organs, digital clocks, etc. You buy parts wholesale. 
Send $1.00 for catalog or send $9.95 for complete book of 
schematics and layouts of all our projects. PPG, 14725 Ox- 
nard, Van Nuys, CA 91411. 


FREE Inflation-Beater Book ‘2042 Unique, Proven Enter- 
prises.” Fabulous “Little Knowns.” Work home! Haylings-S, 
Carlsbad, CA 92008. 


$600/THOUSAND STUFFING ENVELOPES! For details 
write: Kingwood House-PE4, Box 5071, Kingwood, TX 77339. 


EXCELLENT PROFIT! Assembling low cost big screen TV 
and sound. Plans or kits. $1.00 refundable. Doug’s TV, 3448 
Agate Court, Carson, NV 89701. 


wei E BRS BOSSES ie SE Re DRO, A Co ee 
EARN HUNDREDS WEEKLY Stuffing Envelopes; stamps, 
materials supplied free. Rush stamped envelope. Star, Box 
8527, Fort Worth, TX 76112. 


EROREDE past G2 = 2 Se Re a eee OP AO Se a 
DIGITAL WATCH REPAIR — Learn to repair digital watches 
— provide service to jewelry and department stores — part 
time or full time. We supply training — equipment — replace- 
ment parts. Zantech, Inc., 13 Greentree Rd., Trenton, NJ 
08619. (606) 586-5088. 


PEELS 2 Vi TP (SERRE aon SORA War SETS OLS VY (ee ON TO 
JAPANESE ELECTRONIC EXPORTERS - 800 available, 96 
address labels. Australian Dollars 15, Overseas only. Digger- 
man Enterprises, Box 33, Coramba 2466 Australia. 









$500.00 THOUSAND mailing our circulars. Details free. Es- 


sex House, 7011B Lennox, Van Nuys, CA 91405. 


$100,000 YEARLY! Startling mail order discovery! Executive 


type business. Spare time. Free secrets! Treasure-4R, Morri- 
son, CO 80465. 


EMPLOYMENT OPPORTUNITIES 


ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUNI- 
TIES. Report on jobs now open. Details FREE. Aviation Em- 
ployment Information Service, Box 240E, Northport, New 
York 11768. 


INSTANT CASH COMMISSIONS Full or part time. Free 
sales kit features America’s largest line low-priced 
Business, Printing, Advertising Specialties, Signs, 
Calendars and other necessities used daily by 
business people. Profitable repeat order. No experi- 
ence. No investment. No collections or deliveries. 
Write today. National Press, Dept. 041, North Chi- 
cago, IL 60064. 


DO-IT-YOURSELF 


AUDIO/ANALOG/SYNTHESIS. Plans, parts, kits, etc. for the 
most exciting sound projects ever. Get on our mailing list, 
send 25¢ to: CFR Associates Inc., Newton, N.H. 03858. 


125 WAYS TO IMPROVE YOUR GAS MILEAGE! Latest tips 
& techniques on how to increase gas mileage 15% to 35%. 
Instructions $9.95-Money Back Guarantee. Fuel Expanders, 
P.O. Box 17711, Irvine, CA 92715. 


EXPERIMENTERS — STUDENTS — HOBBYISTS. Do-it- 
Yourself Construction Plans!! Test Equipment, Biopotential 
Projects, Telephone, and More. Send for Catalog and FREE 
Power Supply Plan! Jabberwock Engineering, Box 2192, 
Downey, CA 90242. 


DAMAGED VINYL OR LEATHER. New repair kit makes un- 
detectable repairs on all vinyl or leather. Mix and match color, 
then use exclusive grain duplicator for exact pattern match. 
$5.99. Mobeus Marketing, Box 5, Niagara University, Niag- 
ara Falls, NY 14109. 





REAL ESTATE 


BIG... FREE ... SUMMER CATALOG! Over 2,700 top val- 
ues coast to coast!! UNITED FARM AGENCY, 612-EP, West 
47th, Kansas City, MO 64112. 





MOTION PICTURE/VIDEO FILMS 


SPORTLITE FILMS FEATURES new Universal-8 S-8 Sound 
Entertainment Films! Paul Newman plays the coach in “Slap- 
shot’, pro hockey action, 400’ selected scenes S-8 color/snd. 
Burt Reynolds “Smokey & the Bandit.” “Jaws II” (sequel to 
Jaws |), great white shark attacks teens in 10 sailboats. “Dra- 
cula’ Laurence Olivier as vampire hunter, stylish new produc- 
tion ... ea. 400’ S-8 color/snd—Sportlite price $46.75 ea* 
($55. regular)—good until April 17, 1980. Woody Woodpecker 
cartoons “Dippy Diplomat” & “Fair Weather Fiends” + Chilly 
Willy the shivering Pelican, in “I'm Cold”, ea. 200’ reel S-8 col/ 
snd, $28.95* (reg. $32.95). Orig. “Jaws |” with R. Shaw, R. 
Scheider, 200’ S-8 snd (over 10” run time) $28.50*. Columbia 
Pro Sports Action snd films, Super Bow! XI! (Denver/Dallas); 
'74-'73 NBA Champ, Bsktball; official film of 78 World Series 
(Dodgers/Yanks), ea 400’ S-8 col./snd (list $59.95 ea) Sport- 
lite price $53.95 ea deld.—limited offer. Penny Pinchers: Mir 
league baseball: '72 All-Star Game, 200’Std 8 color only 
$4.95*; '71 World Series (Pittsburgh (Clemente)/ Baltimore) 
Std 8 B&W 200’silent $3.95*; "70 World Cup Soccer (Ger- 
many/Italy) Std 8 color 200’$3.95* *Add $1.50 per film on snd: 
90¢ on penny pinchers. Ill. res. + 6% tax. Hollywood Gold Vid- 
€0 movie cat. 50 pg, $1.50; Univ. S-8 film cat. $1.25: Colum- 
bia film cat. $1.25; Columbia VTR cat. 75¢; Paramount fea- 
tures 40¢; asst brochures, Sportlite, Ring Classics, Cloud 9, 
40¢ ea. SPORTLITE FILMS, Elect-4, Box 24-500, Speedway, 
IN 46224. 





BOOKS AND MAGAZINES 


VIDEO SOURCE BOOK - Your guide to 15,000 prerecorded 
video programs — 700 pages — easy-to-use, $19.95. Money- 
back guarantee. Check or money order to: NVC, P.O. Box 3, 
Dept. 10PE, Syosset, NY 11791. Master Charge and VISA 
only CALL NOW TOLL-FREE, 800-824-7888, Calif. 800-852- 
7777, ask for op. 909. 


ELECTRONIC MUSIC and home recording in Polyphony 
magazine. Advanced applications, interviews, projects, com- 
puter music. Sample $1.50. Subscription (6 issues). $8.00 
US/$10.00 foreign. POLYPHONY, Box P20305, Okla. City, 
OK 73156. 
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Hickok 15 MHz Triggered Rp 5 MHz p 
Reg. 565.00/399. 6 9- 795.00/599\ 00 Trace 


Hickok Function Generator 
Reg. 225.00/ 169.95 











Hickok Model LX303 
Meter 66.95 
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B&K Scope 1432P 
15 MHz Dual Trace 
Reg. 840.00/ Call 


Frequency counters, oscilloscopes, signal 
generators, multimeters, tools, and probes 
are among hundreds of products available. 
Large inventory of Tektronix, Hewlett-Pack- 
ard, General Radio, Fluke, and Boonton avail- 
able with replacement parts as well. Master 
Charge — Visa Cards accepted. Come in, call 
or write for free brochures 9AM - 9PM Mon- 448 Merrick Road, Oceanside, N. Y. 11572 U.S.A. (516) 536-5724 

day through Friday. Export inquiries invited. Communications for Worldwide Use Telex 640-488/TWX 510-225-7536 


BEAT HIGH GAS PRICES! 
| 
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PROTECT YOUR AUTOMOBILE FROM THEFT! Free infor- 
mation. Fleming Sales, 3304 Tanterra Circle, Dept. PE4, 


Brookevelle, MD 20729. 
Pe ee 


We Meee ee a oe 
INFLATION AND RECESSION ARE HERE. Learn how to fi- 
nancially protect your family. “Gain Control of Your Money” - 
a new manual that shows how to analyze finances and gain 
power over inflation. Moneyback guarantee. $4.95 to East En- 
terprises, Dept. E1, 10030 N. Blaney, Cupertino, CA 95014. 






FREE| g 
Booklet 


MICROCOMPUTER BOOKS. Over 100 titles from beginner 
to advanced. Guides, games, business applications, pro- 
gramming texts, much more, chosen for accuracy and read- 
ability. Free catalog. BITS, INC., Dept. P, Box 428, Peterbor- 
ough, NH 03458. 
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SKYVISION— The monthly magazine of home satellite televi- 
sion reception. 12 monthly issues only $12.00. Send to: Skyvi- 
sion, P.O. Box 10017, Chicago, IL 60610. 


Electrify Your Bike! 


PEDALPOWER exciting new bike drive tames tough 
hills. Be independent. Shop when you want. Fits all 
Bikes, Adult Trikes. Installs in minutes. Thousands 
sold. Recharges overnite. Travels 100 miles for a 
dime. Get your exercise without strain. Pedal easily 
with motor engaged to help improve your health. 
Visit friends. Travel to work or ride for fun. Starts 
without pedaling. Noiseless, nonpolluting. Virtually 
maintenancefree operation! 


CALL TOLL FREE 
800-257-7955* 


For Free Booklet and Special Offer or write: 


General Engines Co. 
5705 Mantua Blvd. Sewell, NJ 08080 


RUBBER STAMPS 
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RUBBER STAMPS, BUSINESS CARDS. Many new prod- 
ucts. Catalog. Jackson's, E-100, Brownsville Rd., Mt. Vernon, 
lil. 62864. 











I, you’ve missed any of the previously 
published issues of Popular Electronics 
Magazine a wide selection is still 
available. Copies may be ordered for 
issues published during the past 12 
months. In the event a particular issue 
ordered is out of print your payment 
will be returned promptly. 


Order by mailing $3.00 per copy (postage 
& handling included) to Popular Electronics, 
PQ. Box 278, Pratt Station, Brooklyn, N.Y. 


(Outside U.S.A. copies are $4.00 each.) 


HYPNOTISM 


We) 
FREE Hypnotism. Self-Hypnosis. Sleep Learning Catalog! 
Drawer H400, Ruidoso, New Mexico 88345. 


MISCELLANEOUS 


Ropes O, iitvyts ape eS 
MPG INCREASED! Bypass Pollution Devices easily. RE- 
VERSIBLY!! Free details — Posco GEE4, Box 300, La- 
Grangeville, NY 12540. 


ea ee A oat fh 
GASOLINE MILEAGE INCREASED DRAMATICALLY, easi- 
ly!! Details FREE!! Techneering, Box 12191D, Norfolk, VA 
23502. 


Bt ree a eh As es Sg ak el 
GAS GADGETS DO THEY WORK OR NOT? Which ones do 
as advertised, which ones are RIP-OFFS. Receive your copy 
“GASAVERS NEWSLETTER” before you buy one. Plus 
product evaluations on those that work. Send $2.00. Fuelex- 
panders, P.O. Box 17711, Irvine, CA 92715. 


Please be sure to enclose payment and 
identify the specific issues you wish «In AK, HI, Nu call collect (609) 468-0270 
to receive. ; 
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PRIVATE USE SATELLITE TV MOVES AHEAD. Since the FCC deregulated receive-only earth 
stations last fall, more and more people who own apartment buildings, condominiums, motels, 
hospitals, etc. have shown interest in having their own stations to receive TV from satellites. 
Now, on the East and West Coasts and in the Southern Tier of states, where a 5-meter (16.4 ft) 
dish is necessary for flawless reception, systems sell for $16,500 installed from Channel One, 
Inc. (Newton, MA 02168). In the middle of the U.S.,a smaller system will do and the price goes 
down to $13,500. In either case, the customer must provide a concrete base for the antenna. 
Since large installations must use a separate receiver for each channel delivered, about $5000 
will buy the additional splitting, receiving, and modulating equipment for each channel. 
Channel One estimates that, amortized over five years, the cost of a four-channel satellite 
receiving system, including program fees, would be about $7/month/unit for a 1'75-unit con- 
dominium. If you’re wondering what you can see and hear with such a system, RCA’s SAT- 
COM 1 alone carries over 10,000 motion pictures, plus other cable TV programming. 


A TOLL-FREE HOT LINE FOR ANTENNA SERVICE has been set up by Antenna Inc., Cleveland 
manufacturer of antennas and accessories for land mobile and CB radios. By calling 1-800- 
521-4700 (216-464-7075 in Ohio), customers can get questions answered and technical aid. 


CALCULATOR PERFORMS AS ELECTRONIC DIARY. 
Toshiba’s Memo Note II is an alphanumeric pocket cal- 
culator with alarm that stores messages for recall up to a 
year later. With 50 alphanumeric memories, the device 
stores reminder messages for alarm alert on a desired date 
and time. Thus, at a specific time on a certain day, the 
calculator might announce (with an alarm ) the message: 
DADS-BIRTH; the telephone: 326-0383; the date/time: 10- 
50/5:30 PM. In addition to scheduling appointments, 
anniversaries, and notes for ayear’s time, the Memo Note II 
has stored in its preprogrammed memory the equivalent 
time in 86 cities in different time zones around the world. It 
is also possible to link up to four alarm times to one message 
for, say, taking pills during the course of a day. P.S. It can 
also be used as a calculator. 





TOTALLY AUTOMATED FACSIMILE SERVICE which resolves incompatibility of machines and 
offers rate categories not affected by distance is the promise of FAXPAK, the new nationwide 
facsimile transmission service of ITT Domestic Transmission Systems. ITT’s front-end 
processors perform speed code and protocol translation necessary to let any facsimile ma- 
chine talk to any other machine. FAXPAK’s computer also allows a user to “broadcast” one | 
document to several different terminals with a single transmission. Business day-time, per- 
minute terminal connection charges are 16 cents for delivery within 15 minutes and 10 cents 
for delivery within two hours. Night and weekend rates are lower. 


VIDEOTAPE CASSETTE COPY PIRATES face a tougher future if Composite Video, Oklahoma 
City, OK, has its way. The company’s Videoguard VG-350 encoder, available in PAL and NTSC 
standards, is reported to protect all 1/2” and 3/4” video cassette tapes. Its color process 
amplifier and sync generator strip all blanking, sync, and burst signals from the master VTR 
playback and replaces them with new signals. The sync generator restores incoming signal 
amplitude and level to proper standards. Moreover, it’s claimed to defeat the latest VTR sync 
circuits without causing vertical roll. Attempts at pirating will result in a muted blank picture 
with no audio (Sony Beta 1/2” and 3/4” formats); loss of sync and tracking control (4-hour 
mdde 1/2" VHS-type VCRs ); and loss of tracking control with head switching (2-hour mode 
VHS-type VCRs and 3/4” Panasonic and JVC models). 


NEW STANDARDS ON MICROPHONE POLARITY or phase have been issued by the Electronic 
Industries Association. Including an up-to-date scheme for marking polarity on three- 
terminal microphone connectors and new procedures in. verifying polarity and establishing 
the polarity ofan existing dynamic or moving microphone, “Polarity or Phase of Microphones 
for Broadcasting, Recording and Sound Reinforcement” (RS-221-A) is available from EIA, 
2001 Eye Street, N.W., Washington, D.C. 20006 at $3.00 per copy. One can also request a free 
Catalog of EIA and JEDEC Standards and Engineering Publications at the same time. 
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The HP-41C has more than any 
handheld calculator HP has ever 
offered. More capability. More ease- 
of-use features. And, never before 
offered, plug-in options, including 
Memory Modules, Card Reader, 
Printer, The Optical Wand, and 
Application Modules. 

Truly, the HP-41C represents 
a new standard of design for all 
handheld calculators. 





THE CALCULATOR 





It features over 130 functions 
and offers up to 400 lines of program 
memory or 63 data storage regis- 
ters —expandable to 319 registers or 
up to 2,000 lines. And for power, 
ease-of-use and efficiency — 

RPN Logic. 

It communicates. The 
HP-41C’s alphanumeric capability 
gives you error messages, opera- 
tional prompts and function names 
in understandable words or 
abbreviations. 

“Customize” it. Reassign any 
standard function, any programs 
you've written, or programs provided 
in the Application Modules—to any 
keyboard location you want. (Blank 
keyboard overlays let you notate 
these assignments. ) 

Continuous memory. Even 
when turned off, the HP-41C retains 
all your programs, data and key 
assignments. 

Enhanced programmability. 
The alpha capability lets you label 
programs and prompt for proper 
inputs. The HP-4IC also features: 
up to 6 levels of subroutines; 10 
conditional, and 56 internal flags; 
specific loop control; indirect addres- 
sing; local and global branching. 


a, 


THE HP-44C. 


ACALCULATOR. 





ASYSTEM. 


AWHOLE NEW 


STANDARD. 


THE SYSTEM. 


Memory Modules. Can 
increase capacity to 319 registers or 
up to 2,000 lines of program memory. 

“Extra smart” Card Reader. 
Lets you preserve programs, data 
and HP-4IC organizational informa- 
tion on magnetic cards for use at 
a later date. Prompts for proper 
operation. 

The Printer. Quiet, thermal 
operation. Prints all the HP-41C 
upper and lower case alpha charac- 
ters, and lets you create your own 
special characters. Does high resolu- 
tion plotting routines. 

The Optical Wand. Enters 
bar encoded programs and/or data. 
The wand and all HP-41C software, 


in bar-coded form, available mid- 
1980. 








Application Modules. A grow- 
ing library of preprogrammed solu- 
tions to a wide range of problems: 16 
plug-in Application Modules (avail- 
able now or within 1980). Plus, 40 
software solutions books and a User's 
Library with thousands of programs. 


HP-41C Application Modules 


Statistics 
Financial Decisions 
Circuit Analysis 


Surveying 
Clinical Lab & 
Nuclear Medicine 


Securities Stress Analysis 
Real Estate Navigation 

Aviation Thermal & 
Machine Design Transport Science 
Games Structural Analysis 


Mathematics Home Management 
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A WHOLE NEW STANDARD. 


HP-4IC is a synthesis of the 
latest state-of-the-art technology 
and HP human engineering. It’s 
powerful, easy-to-use and flexible 
enough to solve a multitude of | 
problems. It comes complete with 
reference and training materials — 
and it’s backed by a full range of 
software. 

The HP-41C —no wonder 
it’s a whole new standard in personal 
calculators. And at just $295* for 
the handheld unit, it delivers unprece- 
dented capability for the money. 

For the address of your 
HP dealer, CALL TOLL-FREE 
800-648-4711 except from Alaska 
or Hawaii. In Nevada, 800-992-5710. 
For details, send the attached 
coupon or write: Hewlett-Packard, 
1000 N.E. Circle Blvd., Corvallis, 
OR 97330, Dept. 2540. 


Kip HEWLETT 


PACKARD 





HEWLETT-PACKARD 


Dept. 25710. 
1000 N.E. Circle Blvd. 
Corvallis, OR 97330 


Please send details on HP-41C. 


NAME 





TITLE 





COMPANY 





ADDRESS 
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Alaska and Hawaii. 610/01 
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better Than Any Pusher 


No matter how fine the fibers or how soft the “plush” 
— everything other than the Discwasher system is a pusher. 


ushers only line up dirt and microdust into an even line of 
contamination. Run your pusher off the record at a tangent— 
and you spread these particles into a tangent line. And micro- 


dust becomes permanently welded into vinyl by a tracking 
stylus. 


Only the Discwasher system has the patented micro- 
tipped fibers which are directional—slanted—to pick 
up, hold and thus remove particles from your discs. 
These same directional fibers also remove fluid 


and solubilized contaminants by capillary 
~ action. 
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better than any pusher. 


discwasher,; inc. ence 
1407 N. PROVIDENCE RD. Pad Cleaner at no extra charge 


COLUMBIA, MISSOURI 65201 
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